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Abstract: To improve the sensing characteristics of a Fiber Bragg grating(FBG) temperature sensor
with a Ni coating , the causes of the hysteresis error and the difference of sensitivities when it was
heated and cooled were researched. Results indicate that the residual stress induced by electroless-e-
lectroplating makes the sensor imprecise. The mechanism of the residual stress was discussed, then a
heat treatment method was proposed for the metallized FBG(MFBG) with a nickel coating. In treat-
ment, the MFBG sensor was put in a drying oven at 120 C for 8 hours three times,and every time it
was cooled with the oven. A comparison experiment for the MFBG with the nickel coating was per-

formed in 100—300 C,results show that the hysteresis error of the sensor is 6. 64% , and the differ-
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ence of sensitivities when it is heated and cooled is more significant before the heat treatment. The

sensor characteristics are not be amended even if it is performed temperature cycle again after half a

month. However, the hysteresis error of the sensor is descended to 3. 62% , and the sensitivities of

the MFBG when it is heated and cooled are 22. 84 pm/'C and 22. 76 pm/ C ,respectively, after the heat

treatment. The experiments demonstrate that with a higher sensing accuracy, the working range of

the MFBG with the nickel coating has expanded to 300°C after effective heat treatment.

Key words: fiber optics; Fiber Bragg Grating(FBG); elevated temperature sensor; heat treatment;

nickel coating

1 3 =

LA RLAE e (FBG) fy FELAR 40 4% e
HURE T DA R mT 3 A M SRS Bl S
T — RS R, © R R e 45 M i ik 1Y
EPSY iR i SIUE "R NS 2 B oY || X .k A0
O Ty A A A P R G T s A 5 T A
Forp A SO LR UM% s 19 52 HE R 2 BB SRR
B A N T A U B LN ) AE ) B ) AR AR . T
21 S W VAR, S B At R Ao A rp a2 2506 o DA £
o, i3 2O £F A 2 21 4 AR XA A1 A 1
R AE G EF S R R A A S e AR T S
NAREE R, B, AR AR B A 4 R E
AR ORI L AU A S R 2 . B
TR WA A DY R AR R )2 0 bR o R {5 DG AT
f18y Jab 2 S S LA G 4T 1 BEABLR A L T 4 )8 (4
BRLED DO HiE TR ET iR 2 R
FU TR 0 R kU 2 T 1 it ) . B R R R
SR E B S A FBG . X Fh % 45 76 855 1
JETF (100 CUA )& KA Rk, 7= A # s (B H
A7 FE A o T AR R B L {7 P 35 3 300 CHY L R
TESZ R N o 2 FBG % I 45 19 AR IR FE 3k 3
XA PR AR SRR E IR E R A LN
MR R VR 2 T 0 IR 2 J) . AR R R Ak
PE45 5 RUE T I E FBG 2 4ME MU Ni f- 972
ZENTIZ R X R R 2 B AE 800 C LA
b RBAE IR SR 4 PR R X FBG $2 AR B 0
R4 F H A28 45 5 B8 Ni fR97 2 T8 it
TR e P A i 5 AY L T MR R BN O BAR B AR . FR S
K5 R, 48 125 FBG 2 2] KA 3
) IS A S T R R A AR . (X S 5T [
bt 2 4 B AR B 5 9 FBG 78 08 17 55 i 1R

0 FL 118 i 2 SRR A7 A K [l A R 22 L T it B o
e P R AT BOR 7 . ARSI 9T 17 2
X BE BRI D o3 B A O G T R T A 2 B
Lo G R v e AR B AR AR N ST o AW SEIE i o A
FRARNL I HE I HLEL L 2543 FBG 92 BR A5 F IR
EATHE B FBG WA 5 k. &t
HRG A R RS ) v A FRAE 300 C A& JR%
i P [ P e 22 KT | e i R R 22 S B B Ak
[[IRCREER T R

2 &R AR A A R A M B A R

ELey

RIS BHE . FBG B DK Ay
CR 3% D Ve {30 I L 328 3 3% O A3 fEL 10O 9 2 LA
IES¥

Ap=2n4A QY
P e AT R A BT A5 A R R . D
AR I JEE A8 AT T A h s Sl o I B i B O -

J
("“+mm%%nv+
C

In

aT

AU B — T3R8 A8 G ) 52 5 — IR
il JEE T YE I A

&R ALY S (1 FBG 45 # R B an &l 1 fr

2(A

d
+7’leﬁ%‘)AT ’ (2)

Zi
XF T4 JE AL BRI 5 1 FBG, 2 i B A2 Ak B
FCETAS B (19 PROG RN 2 B8 5 A BT S 56 g 2
Ak s A K BN SR MEEE A A4 Tl T OB LR
54 R R AP R I I R 0N — 20 FBG & s b
PRI I i v ™ A B B AR IV ) R A R Y



2008 b= o I

19

Cladding Metal coating

Q= <)

I CLLROEEEEcs 0

| } X X
/ | \\\

Fiber Bragg grating Core

A1 aJRfiir )G FBG 45 7R 2

Fig. 1 Schematic of metal coated FBG

& FBG A0 A & A A8 A iy Jt IR 3 B

KRR H

A/\B:AB(G‘FE)AV’_/\B{EZ*%[(PH+P12 )€r+pl2€z:|} ’
(3

H,a=dA/Ade Iy AL IK R 2 6= dne/
(e de) F FOCH T poos pro MR FOE R A
e, e 71 0 O b ) 0L A R AR ) W . TR RS B R
FBG 4 J@ AL Of i 72w ™ 2B 1) 5 A 1L 3 #E) 17 L
T AR E T . JE AR 6 FBG 1 R
RN s HLHAGT U6 B <6 2 V2 52 114 348 o v
B AR E RGNS I T AR R E

3 UH A A M & BRI

ARSI 1l FH A 5 R R E AT IR /) A A 3
2] FBG G B K Ko 30 mm SEHl X K
10 mm, P47 NG BRER R I J= . AT AR OB 4ot
W< Jm AL R AP A 2 B

Sensitization

Degreasing

Activation

Chemical plating

Eletroplating

B2 Stz mfbr s & BRI AR

Fig. 2 Flow chat for optical fiber protection using electroless-electroplating method

LR B AR 4 JE o B AN B T B R AT Ak 2 B 2
B E R Y T L AT AL B, SRS A TR
(ORERE BN E I TINES S

Ca) BRI TEBAL Z 1T S0 R RO M B 4 s 5
PRI R 27 FH B8 75 I RS 35 Wk 5~ 10 min, SR )5
T B 75 ok 28 1 /K ¥k 5~ 10 min, DR 25 86
T 8 2T TS

(b) Ak - TG T 3 18 W Bt — 2 25 2 S AL 1 )
JBT s DA A 3 A AL BB B R Ak, T & A A
AT 8 (SnClL ) 10~20 g/L, #h iz (HCD 30 ~
40 ml/L, 5B . 25~35 C B} [H] :10~15 min,

() TGk ARG A R 1w AR B — 23 1 B i1k
PR 4R 2 18 b2 5 B 480 A 38 T 5 N 1) i 4L
o DAE ZE AL 24 PR op i 3 R N . B O & T2 4R
R E A (PACL) 0. 1~0.5 g/L. 42 1~6
ml/L, ¥ :25~35 C,WfE:10~15 min .

ZHERT WAL PG R OB AT R s . LK
BCJT B T2 R B (NiSO, » 6H,0) 20~
35 g/L, W B MR 44 (NaH, PO, « H,0) 15 ~
35g/L, H & (C;H;0,) 10 ~ 25 ml/L, ] B8

(H;BO;)10~30 g/L,pH {f:4~6, & J& 80 ~90
CLiE :1~2 h, {2 HLEE A .
Ni** +6H, PO, —>Ni+2P+4HP(; +2H, A +4H".
4)
LA B8 5 K E T A L B AR Ak v R AT
PERR R P, R 7 B L A R AR
(NiSO, « 6H,0):180 ~ 300 g/L, & k4 (NiCl,
« 6H,0):30~50 g/L, W& :35~40 g/L. %
FEFRER 44 (Cl, Hys SO, Na) ;0. 05~1 g/L.pH {&: 3
~5, B 18~45 C, fRIPUF I LLF et an &l 3
Fis

3 s PR Ni 5 ) FBG Sh L

Fig. 3  Outview of FBG after electroless-eletroplating Ni



LR

e 7 » 45 B A DRI L 2 A RS Sl Ay BAAE B K i i A% Jek

2009

4 A RBAK T A A M (MFBG)
o = iRt B K I

X MEBG 2547 g I X 00302 1 A 4 o
SR AE S R AT A A RE I U E
FARPEIR X . K MEBG A 880 A b A AT RGR L
JECAEN P [l —fE IR 7 B K MEBG 19 3k RE 2T 43 il i
HETOR Bk @ 5 CASED 52 417 56 I 5 6 3% 43 BT A
(OSA) GBI . ARGE A S BIE PR R AL
2 AR 7 A i B T 3ok S AR SRS A
HEWRIE B A 1F AR, BRI Oy £ 92 3 45 2R
5 E A BRSO HOGE EE S R S S AR A
e AT Bl nT 0L e A . O L BUE
el a8 (e A b AP A R A R TR A P il
o it TR AR A 2R R A R RO IR
(ESS PR E A - HLTH il AN 0.1 C/s3 T+
350 CHISHL L I IR BH a4 . O 2B
JEGAST B A I B T, # 3 B 60 C i AR L AN iR
IR SR s AR L L B 350 CRE 300 C L Al
it Segh . BBl R T FBG SRS Y
BTG ARG MR R ) 300 C AR B AL R8GO
MATLAB #EX] S8 45 R AT 5 7047

ASE broadband light source OSA

Metallized FBG

5~

Thermocouple

Pipe high
temperaure
oven

Bl 4 MFBG il {4 e B om BIE

Fig. 4  Equipment for MFBG elevated temperature

sensor experiment

5 FBG #7] Jz & 411 2 MFBG &
3 K 48 R
S I 4 S A4 I 9 56 MU B S 3 5 Ak L
B 5 25 T HACE MR B % FBG RTS8 4 R
4 FBG Y6t [, HoA% J5 BA% 43 34 0.5 mm Al

Transmissiow/dBm

Transmission/dBm
|

Transmission/dBm

<FILTER<BOTTOM=> ANALYSIS> TR A'WRITE [DSP
MEAN WL 1549 681 nm SPEC WD:0L131 nm
BOTTOM WL: 1549 686 nin BOTTOM LVL:-43.76 dBm o
CRS TALK:9.75 dB(L} 967 dBIR) [CTR* 040nm] | C:A-B /BLK
L8dB/D RES:0.01 nm SENS:NORM HLD AVG: 1 SMPLAUTO
-30.2
33 o
HH
it
i
374 H
H
41 ! H
—44.6/
1545.00 1348.00 155100

Alnm

()1 5 FBG G Jm AL (- 47 7l 15 5t i
(a) Transmission spectrum of FBG No. 1 before met-

allizing protection

<FILTER<BOTTOM> ANALYSIS> o AWRITE  /DSP
MEAN WL 1548 807 nm SPEC WD:0, 171 nm m
BOTTOM WL:1548 814 nm BOTTOM LVL:~47.07 dBm
CRS TALK:7 52 dB(L) TASdB(R) [CTRE 040 0m] | C:A-B JBLK
8 dB/D RES:0.01 mn SENSNORMHLD AVG SMPLALUTO
~35.6
—39, 2 S— N‘_
42
i
464 ¥
i
50,
1545.00 1548.00 1551,00

Alnm

(b)1 5 FBG 4 I8 fk 447 5 .41 i
(b) Transmission spectrum of FBG No. 1 after metalli-

zing protection

<FILTER<BOTTOM> ANALYSIS>
MEAN WL:1539.742 nm
BOTTOM WL: 1549738 nm
CRS TALK:9.45 dB(L)

7dBMD

AWRITE  /DSP
SPEC WD:0,133 nm m
BOTTOM LVL:-53.83 dBm
G40 dBR) [CTRE 0.40 nm| CFIX /BLK

SENS:NORM HLD AVG SMPL:AUTO

RES:0.02 nm

40,4

—44 FREF

RUHA
L
Lil
L

J
Y

~54.5i
1549.00

1550060
Afnm

()2 5 FBG 4 J& fL IR A& 5 1%

(¢) Transmission spectrum of FBG No. 2 before metal-

1551.00

lizing protection



A1) n7 e s >

2010 e M LRE §19 %
;‘lolé-ﬁr:-qlit:‘l%i{[{l%m‘ﬁi;;alels ROTW_}S,E[—;]{;_}\-’D__II_ \ .‘?:"gm AWRITE /DSP

TON -':.nph: i o2 M LV, 1] 93 dBm s - - A éf}: /\

CRS TALK.52 dB(L) 9.60 dB(R) [CTRE 0.40nm] | C-FIX BLK S I 2

7 dB/D RES:0L02 nm SENS:NORM HLD AVG 1 SMPL: \U'ITU 6 * g—L = % & 77 #ﬁ—
39.9]
HIE 5 ATAL B85 1 2 5 FBG & 3 1 i i (i

43 JUEF:

53.5)
154538 1546.38 1534738
llllllll

()2 5 FBG 4 J@ (R 17 )5 33 I 3%
(d) Transmission spectrum of FBG No. 2 after metalli-

zing protections

5 23X FBG e84 8 4w 5 1y a5 5%
Fig. 5 Transmission spectra of two FBGs before and

after metallizing protections

0.8 mm, & X [AIFER2EN .
yu=1(1/2)(AH 0/ yrs) X100% »  (5)

A AH N IE AT R B 5 B B B KR ZEE yes
i A

Ph 25 FBG K 7. £ 100~300 CHY
JELBE IR L R S MFBG Wb K 126 R
g 6 fron. B AR R 8K 23,08 pm/ C,
R R By 22, 93 pm/ C 5 5 A PR 1T 1Y
BB HT AR . B REIKTF 099, IR
BW2EH 6. 64%, Rl f i 2] 300 C iyl v, e K
ERATRE M E R EL N 13 C,

1553

1552

15511

Anm

15501

1549

1548,

100 150 200 250 300
1c
Kl 6 MFEBG i B & S2 56 (e 31 300 C) Ml A 45
Fig. 6 Experimental and fitting results for MFBG as
elevated temperature sensor is in the hightest

temperature of 300 C

VE TR ] L S X B R B AR AL PR T
FBG R45 A P e 608 B 26 0 3K = 3 22 57 19
SN LR A —E 1R U R AL PR
WA T — BRI . X 15 FBG, I
EHE SR ARG E SRR B T
55 M » T RE A JEU IR 2 A 1) 2 B T L 114 JOE g i D 2F
7 A S R T AE G T Al ) 7 AR B R AR I 0
{2 7 A R i DR Tk — 2 i O 2F 7 A= Bl 25 45
FEC R TR DR PZ R A B A 1) e R
THEHE . &Rk FBG P A sk A h £ 8 A
P T7 TG A DAY — o e B R R B o e AR T A
A A T A 2 599 WL T ARFR R 15 — OB EF =
P B2 R P BT L A 0 AN 1 ) s S 2
RS RN S A B R T B pH
L P A 35 5 RO B L B R K AR BT B A G
Z. Wit. & B a1 FBG 78 100 C &
300 C L 2 9 BRI 350 b 5 19 o] 3 2 2% L 5 i S
1 P 3 T 1R 3 % IO ) R IO 2K

L PR G RN BR AR I 738 A AR R AN LAR A
PR o MUBRATE 25 B ik i 0 T IH BR 5
FOAR MG AF B B AR N7 o R TR AR AP 2 8 1, 3
2 BAL PO AT 2 A RO S AN Bk A N ) 1 7
PTG L A SR R A T BRI B MFBG
A R AR L T DLk 38 AR SR P T AR O B
37 3 5 85 A8 FRE 3 Al it A U B 5% AR — BEA T
LU PRE R R TR T BN B8 H R
] DRI AR5 FRIEAT 208 A A . HPLBRAE T o thy
TRPRE 4 S RIS 3 e B A AR L E f 38 i T
F o 17T A 0 B P A i 2 T R AT i A
I 3 B T A9 5 A I — LB S I B e R T
PR 2 K A SRR AR TE L Bl AR L )R 2 DX Rl A2
A B 2 A AEL B % 4 15 1 AN 1] RE 7E T AR 17
JIVATR s A BTSN R » AR DA T 3% A% B g 1) 1
JH L — B R 3 i st 5 ol o L S Tt FoF 6 A — A 119
WEELL b HAERE— o st e,
WRIE T MFBG il 2 8 e 1) S b #LJ7 32%



e 7 » 45 B A DRI L 2 A RS Sl Ay BAAE B K i i A% Jek 2011

7 MFBG #4532 B #4325 04 58

1E 2 5 FBG OGMH 2R — Wit 47 M 2 300 CHYy
RIS I o AR Z R R CE R 5 A E
TR AE b SO R A U # 3] 350 C L JF Rl
B H AL A OB N 100~300 C, B 14 Ay
PERW G RWME 7 s, JHiRRBEH
23.76 pm/C ,[EE RBE K 24. 28 pm/C, [0 F2
W2H 5.89% . AW MFBG i A% B M A
AL B B ) R0 4 vk 53 22 T el 3 L 3 5 AR AR
JIR A B v, A R 28 T {4 e AE v TR
YRR —E B A A S5 IR AT . R BE RIS 2 Y
B ST BE I DR — 2 1 I () I A AR AR AR A
Ji%F MFBG S0 i G5 . i T A 4 i MEBG
PR BA A BT AR A R K I 25 RS G R £ A7 e 3 Y
PN TR AR TR 2 A 2 AR AN BB T A2 5 1L AR S0 i
5 3 YR HOEMIAE 120 C R E i T 48 9 R T 8
h JF BV A AR R AT R R I AL RS L 4
RANTE 8 Fraws  HTHl R %y 22. 84 pm/ C L, FE
RN 22,76 pm/ C L M FER 224 3. 62040, AP
100~300 C ¥ FE I3k v e K OF e A7 B 2 E I 37
WLy 7 C,

dhen MBI is hanted
N X

1553

* when MG i healad

1552,

1551

Anm

Limnr mioded for dats when
MEFECG s hoatod:
A0 "

1550 edniawben
1549
-
o
1548 1
100 120 140 160 180 200 220 240 260 280 300
#C

Bl 7 MFBG 35 0 i £ 88 52 3 S 0L 45 21 O
100 CHJ 300 C)

Fig. 7 Experimental and fitting results for MFBG as

elevated temperature sensor is in the second

experiment(from 100 C to 300 C)

Amm

100 120 140 160 180 200 220 240 260 280 300
1C

B8 MEBG 2 44 B 5 175 IR 16 6 52 50 B 014 45
H A 100 CH| 300 C)H

Fig. 8 Experimental and fitting results for MFBG af-

ter high temperature sensor is treated (from

100 C to 300 C)

AR SCHFGE T 2 Ak 2 i 45 4 vl B8 45 14 O 27 A5
A% G Y e il A SRR A A IR R (LS B 300
C 1 I AR S B0 T by TR B A Gl B
o A B SR A L D TR A T S R Y S AR A
TERH 28 5 MR R 22 AR . WL 2R 2 iT
MFBG 45 51, A% SOK FOA R IR A T 52 8 h
HEAT 120 CHRALBE 3 YR, FFHEAT IR AL IR S 50 . R
TR T g R Y S R 2 L IR R R 2 1Y
W R AR BAAL B S ) MFBG iR R iR R
22.84 pm/ C, ik RE Ky 22. 76 pm/ C, [n] 2
BREN 3,620, Dk A2 PE L A B SRR I S
F14 175 A% O 2F Dl Bl T B A% SRR 8 0 4 2 Hu Ak B
J » FL SRR A FH R 3 AT A3k B B AR BR A 300
C I HHEA R E . W 5E o Hs FBG
I A2 s S o A R T B T v ) LA R K
AR A SR Rl 25 4 1% RS CRE I I HRA 2 )
Zp rpoO SR T A



2012 e K LR 919 %
. [9] SHIUE S T. Effect of the coating thickness and
S 2% 3k : " ieal s
roughness on the mechanical strength and thermally
[1] HIROSHI T. Fiber Bragg grating vibration-sensing induced stress voids in nickel-coated fibers prepared

(2]

(3]

[4]

(6]

7]

(8]

system insensitive to Bragg wavelength and emplo-
ying fiber ring laser [ J]. Optic Letters, 2010, 35
(14) :2349-2351.

FEmM.RH . AEH, F. MHBBEHOGT A h
DGt 3C -H Z f b 4% S HOAR e LT ). e
T #42,2008,16(9):1608-1613.

YIN X L, ZHANG Q, YU CH X, etal..

OCDMA
encoder/decoder based on phase shifted super struc-
ture fiber Bragg grating and its correlation property
[J]. Opt. Precision Eng., 2008, 16 (9). 1608~
1613. (in Chinese)
EA MR ERLRFE B OCEOUMEE R TR RS 2
PEREM 1 B B AT LT ], 56 5 4% % 42,2009, 17
(3):488-492.
WANG W, LIN Y CH, ZHU P Y. Application of
FBG sensor to measurement of dynamic performance
of low impedance material [ J]. Opt. Precision
Eng. . 2009,17(3) :488-492. (in Chinese)
de A R HE AR T AR T S 2R R WK RORE A1 R S
S R 2 R E G L IS B A BT e A L
#£,2010,18(9) :1965-1971.
TU X H, LIU F Q, XU N. Desigh of high channel-
count optical of fiber filters based on sampled bragg
grating with discrete linear chirp structure [J]. Opt.
Precision Eng. » 2010,18(9):1965-1971. (in Chinese)
Bemir, 2R, KA. bR EA E A [M].
JbT B2 BEE 5 2005, 153-154, 185,
RAO Y J, WANG Y P, ZHU T. The Theory and
Application of Fiber Bragg Grating[ M]. Beijing:
Science Press, 2005,153-154:185. (in Chinese)
AR R RFHREMIM] U HEH
" H}iﬁ ,2005:82-83.
TU Y Q. LIU X CH. Intelligent Structured Based
on Optical Fibers| M]. Beijing: Advanced Education
Press,2005:82-83. (in Chinese)
LIY L,ZHANG H, FENG Y, et al.. Metal coat-
ing of fiber bragg grating and the temperature sens-
ing character after metallization [J]. Optical Fiber
Technology, 2009, 15.: 391-397.
SHEN R S, ZHANG J, WANG Y, et al.. Study
on high-temperature and high-pressure measurement
by using metal-coated FBG [J]. Microwave and
Optical Technology Letters, 2008, 50(5).: 1138~
1140.

(10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

by eletroless plating method [J]. Thin Solid Film ,
2005,485: 169-175.
SANDLIN S, KINNUNEN T, RAMO ], et al..
A simple method for metal re-coating of optical fi-
bre Bragg gratings [J]. Surface & Coatings

Technology, 2006, 201 3061-3065.

Bt R 2R SRR G A B A
HeM R B A R ()], e & % 4R, 2009, 29 (2)
336-341.

FENG Y., ZHANG H., L1 Y L, et al.. Tempera-
ture sensitization model of fiber Bragg grating with
metal coating [ J]. Acta Optica Sinica, 2009, 29

(2):336-341. (in Chinese)

E R MR SRR M JUR T R R
A, 1989:199.
WANG H G. Introduction to Thermoelasticity

[M]. Beijing: Tsinghua University Press, 1989.
199. (in Chinese)

AR IR ARE.F HAEREAEALM].
A6 MU Tk s f At 5 2008.

CHEN D F, WANG J, LIN ZH B, ez al..
Theory and Application of Sensor M]. Beijing:
China Machine Press, 2008. (in Chinese)

SHIUE S T. Effect of coating thickness on ther-

The

mal stresses in tungsten-coated optical fibers[]].
Jornal of Applied Physics, 2000, 87 (8):3759-
3762.

SHIUES T, YANG C H, CHU R S, ez al..
Effect of the coating thickness and roughness on
the mechanical strength and thermally induced
stress voids in nickel-coated optical fibers prepared
by electroless plating method [ J]. Thin Solid
Film, 2005, 485:169-174.

ABRLB ) &EA NG FABZSRIM] Ja:
BB T2l H i, 19832 308-3009.

YONETANI S. Produce and Counter Measure o f
Residual Stress| M]. Beijing : China Mechine Press,
1983:308-309. (in Chinese)

SHIUE S T, LIN Y S.
coated optical fibers [J]. Journal of Applied
Physics » 1998, 83(11): 5719-5723.

X 4= L IR B PEJZ P N R 3R Rk BR kLT .
o 4% 55 o6 4% ,2004. 10 64-66.

LIU R ZH. Factors affecting innerstress of nickel

Thermal stress in metal-



LR

e 7 » 45 B A DRI L 2 A RS Sl Ay BAAE B K i i A% Jek

2013

deposits and their trouble-shootings[J]. Electro-
plating & Finishing ,2004,10:64-66. (in Chinese)

(191 #4e . kX4 AR E K. RAEFR NP 52N R
REamEREmIT] &% 5 ® 4%, 2004, 24
(3): 13-15.
XIE H, CHEN W ZH., QIAN K W. Effects of
heat treatment on the internal stress and adhesion
EEE

REF (1975 ) L JLTHER A1
WFoE A B4, 1995 48 T [ 3 i 2%
B 4K 2 1 2 7 . 2005 4 F 7074 i 9 K
FORR AL, FEANF R R R
S5 BOL WAL &I W AT 5T . E-mail:
ref0322@163. com

B #1976 ), &L UL B AL
T B HR 1997 4 T UL R 3R% 1+
20,2006 4F 2010 4FF R B K43
P7 L S L e 2 VA o V= o R 0.4
Kot 27 i 8 )2 i 8F 5. E-mail: con-
firmfyan@163. com

HEmm (1983 —) . 2 VLT BN Bl &
WFoE A . 2005 4 T B R¥F R % 1%
B, FEN S FBG Z & MR, E
mail; liudongcheng_(@126. com

[20]

of Ni-P coating [ ]]. Electroplating & Pollution
Control , 2004, 24(3):13-15. (in Chinese)

B FE -GS S E P R LT AR AT
5 5 A ,1998(1) :37-38.

SHANG X J. Electroless Ni-P and its heat treat-
ment [ J]. Mechina Research and Application,
1998(1) :37-38. (in Chinese)

MR (1960 —), J . Wi L H 1 N #
5, b A S, 1984 4R T LY Dl SE K
ok L2 A, 1990 T b 50 MR L K 2
R AL, EBE NS O,
JCEFWOLAR LRI AT R . E-
mail : yezhiqing2008(@163. com

O£ — )L B THART AL H
2, RS0, 1987 4 T YL PG R 2% 3R
S AE AL, 1990 4F T I R R Tk K2
AR A2 A7, 1997 AF F 35 46 K 4 4K
T, AT EENFOLLA R e SR 4
M08 B g Ak, Tl AL R REAL A
KT B F S He LA N BRI T I A
E-mail; Zhanghua_lab@163. com



