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ABSTRACT

Majority ©°  Material Science
Name : Zhang Sﬁeng Feng
Instructor :  Chi Lan Zhou Hu Wen Cheng
Subject * Surface Metalization of Quartz Optical Fiber
The main purpose of this thesis is how to metalize the surface of
quartz optical fiber, the key part of weak magnetic optical fiber sensor, by
means of electroless plating and electrodepositing. The deposition should
be magnetostrictive, and only composed of Ni and Co. Before
electrodepositing Ni-Co alloy, the problem of electroless Ni-plating on the
inactive substrate — quartz optical fiber was solved. ‘Hence , the
experiment involed three aspects: pre-treatment, electroless Ni-plating and
electrodepositing Ni-Co alloy.’
1.Pre-treatment on the fiber surface

During pre-treatment, the components of etching solution and etching
time were considered. Heating treatment was introduced after the optical
fiber had been activated by P4Cl,. Experiments demonstrated that without
heating treatment, electroless Ni-plating can’t be carried out successfully.

2 Electroless plating and electroplating

This aspect is electroless Ni-plating on the activated surface of optical
fiber, and the deposition should be functioned as a conducting layer. The
main work of this aspect was optimizing the electroless plating solution
and technology parameters. At last, Ni-Co alloy deposition was acquired
by electroplating. The relationships between electroplating conditions and
the Co-content in deposition were found. The microstructure of the
deposition was observed as well.
Key Words: quartz optical fibet/ roughing/ heating/ electroless Ni-plating/

electroplating Ni-Co alloy
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R FAL Ni BT

Ni**+2H=2H"+Ni (3-2)
H—/ RS R T S R R BB R R A SR

H,PO; +H=H,0+OH+P (3-3)
RN SRS RTFEEARRE S BRI TR ENEE:
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H,PO, +2H +e=P+2 H,0 (3-12)
3. it (Hydrite Theory)

S BV NP RRER IR 23 R oy T VP A T IR B RRAR A
PR AE ) ESR S - '

H,PO, +O,"=HPO+H (3-13)
R ERE FER B THERETERERRLR:

Ni**+H = Ni+ H' \ (3-14)
BTN E ERTFRARB FREEAERAS:

H' +H =H, (3-15)
HRAERER R &4 TREP A BB AR

2HPO, +8H'+4H =2P+3 H, +4H,0 (3-16)
BEREFEEER:

Ni*+H,PO; +0*— HPO,™ +H'+ Ni +P+H, (3-17)
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NI RIRTE B fRA G HIA{L:
A G=-F ¢

=-nF(E g - E g4)
=-nF[(-0.257)<(-0.50-0.059PH)]
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3.3.3 L EBRME IS
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B B(3-5) T B A :
v=dep/dt =k | co” cg® ¢ | exp(-E4/RT) (3-24)

H AL AR N Bﬁ(ﬁ‘;Aﬁauﬂ1@ R RN R
5H,PO,+Ni** +3H" =3H;PO4+Ni +2P+H, +H,0
HENR, EENRIRBEE RN

v=dNi%dt=k[H,PO, ]* [Ni*']® [H']" exp(-E/RT) (3-25)
Pullsk-wibr)iie0r &
lgv=lgk+a Ig[H,PO;1+B lg[Ni*"|+y Ig[HJ-E4/RT (3-26)
B AR
Oy .
Olg[H,PO; ] (3 2N
_ oy . o
dlg[Ni*] =p (3-28)
olgv__ 3-29
SlglH] | 529
dlgv _E,
3ig-1/T]1 R (3-30)
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K. RVRAEE . NEH HER BB AN > [HT], BEFIX P
EEFRAENE, BENEASHERS . HREEE—ZERNNG
WA LRANTIHE, STENERIN NE R EBCNE . MR
AT, BRGNS R SRR A TR L.
22



, R RALS SN
34 LFBRLVITEMMR

LRI E M REA T EE LA REE L ERHRER
TR E &, 1B EREAEEMELRNREaS.

3.4.1 ALFEBR B AR R S

1. ¥ :

AR R SRR, (MR BR L NI LB R AR AT
A RENENBRE, RKERME, AaTaASEMER, MESR
WAEHUFHERD . AZRRANISO, © 7TH0 -

2. B

v BIRAAE &ﬁ@%ﬂ(NaHzpoz% WEAL#(NaBH, 3, KBH )R ILATA
BICREETS), RBRNH,)E, S mE Eee iR, KR
ez, BBERESES, (B EHEDE SN RGN RS
BL, TR REIT AR, oA RS & Tk Al . W
SHGERFERN S EREE P E RN, Rutk. ETUHAER
BrEE, BMEGDMERR, SRPRATERE AR MAELER
Mo BEEBPELIMRE, REERARTFE, BEETERAE
B, TR RNTYHERTA, SRS AR RS .

3. BEH

HANEARAMRE T ERESY . EHUTTREE, FRPp LS
BTERAEAMYIE. BENHMERLE, FEREHEMRMBEE
BAREMEET . MBRENEE, —BERrERe. WRALRES;
WS NEBE A B L A AR . AR HELBRATNR .

4. T

R e e MR PH AR,

(DaEM

R HAE R P PR T T A . AT B 1 SR DL

23




ERiE 2o

ﬁm ﬁ ﬂﬁﬁ% WAL MR TR S . ﬁmﬂMHﬁ“
BRI/ A5 AR

(2) T

HEVR P AGE B VIR R D B S s e RE 2 gk Ty . R
BT RIS, WRMEBHEE SNSRI s
CEZ, -REANETREELR. AL TR .

(3) PH A%
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1/:— 5
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,/ E=Hooff

BB 2 KSR 3 WEES 4 BIREREE 5 RN
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A . SAEEREKY, BEnRG2)WEEATEDT

# 32 BFKF#E :

A B C D E | F
TRERGR | TRBRARSN | PLER(STIER - bt 3L B AR &4 PH 4 (B
e | @) 2m(mll)  [(5%) (ml/]) ()
1 15 | 10 30 1 40 |75
2 | 20 | 15 32 2 45 | 80
3 25 | 20 34 3 50 |85
4 | 30 | 25 36 4 55 | 90
s | 35 | 30 38 5 | 60 |95

B IE3” BB 6 BE 5 KATHETRIBE L5, 35
THMFE3-3). SCRDBE NGB AR, BRI 15 DR K
BCATE | NSRRI

£33 ZWAREHE

A% A | B C D E BB
(ERIN e
j=ncd &)
1 1 1 1 1 1 1| 372 AR
2 1 2 2 2 2 2541 PERE
3 1 3 3 3] 3 31680 |
4 1 4 4 4 | 4 | 4 923 N
5 1 5 5 5 5 51901 | e
6 2 1 2 3 4 5 1936 kR
7 2 2 3 4 5 T 397 AR
8 2 3 4 s o 2 1527 PRI
9 2 4 s 1| 2 3677 PRl

25



i TR AR
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THREE 1 3 5 2 4 427 PEwRE
12 | 3 2 4 1 3 501930 [RieE
13 |3 |3 5 2 14 1 325 T
14 | 3 4 1 3 | s | 2 1892 (Biss
15 3 5 2 4 1 3 9.13 RYGFE
16 4 1 4 2 5 3 6.68 | Yai
17 | 4 2 R IENEERE
18 | 4 3 1 4 2 |5 [930 |
19 | 4 4 2 s 3 |1 | es4 P
20 | 4 5 3 1 4 2 1721 | o
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ROBIFN=B ik« k- - - PEKOBER/GE,
R34 LREERMTEN) ik

A B | C D E F
K, 34.17 | 3172 | 3957 | 3621 | 3621 | 2181
K, 3093 | 3507 | 3965 | 3179 | 30.08 | 34.49
K 34.87 | 3383 | 30.14 | 3673 | 3888 | 3845
K, 37.05 | 3935 | 3481 | 3931 | 3606 | 38.59
Ks 3996 | 3824 | 3403 | 34.16 | 3779 | 44.86
2 6.83 634 | 790 | 724 | 724 | 436
kz 602 | 701 | 793 | 636 | 602 | 690
El k 697 | 6.77 6.03 735 778 | 7.69
ke 741 787 | 69 | 78 | 721 | 7172
ks 799 | 765 | 681 | 68 | 756 | 897
R 197 | 153 | 19 1.5 176 | 461
K 360 360 370 370 370 | 370
m K 320 370 350 380 310 370
Ks 380 370 350 390 320 400
gl Ke 390 380 370 360 | 400 | 380
Ks 390 360 390 380 390 430
k, 72 72 74 74 72 52
ke 64 74 70 76 62 74
ks 76 74 70 78 64 80
ke 78 76 74 72 80 76
ks 78 72 78 76 78 86
R 14 4 8 6 18 34
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1 AT RERBERENASHEBE LERFNESM.
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4.2 BERSS SRR

SROBTHRETALGHEAT, SRMERERRHHARE
PRI . R RE THERELE - BRA T IR:
VYGRS L e VR I R A R T A % -
2HRTHBPR: KPR FERRRN EE2HE T
3SR IR A P

4.2.1 MR BIR

BEABA=MHR, HHRBTE. RN

LR

B AR S P U TP AR R (R PR I M E T — @ I R 3k
HIBRARAR K LS .

R R b B . PR MR AR, SRR HoF BELe,
PR AR MR TE AR T 3, i AT . MR
B FRE A bR PRAR AL 3, WP T B sl W mIT R EA.
BB EEMIENE TAYES SEMERE. BB IR,
Hi &S B me e .

H1 T B8 T R4 P AR R T M W A B TR T R e L
HETHRIBREERR. FHBERE, SWRBUNEN, EEAREH
WA RGRE. RRERARE: .

=+ 6ivie guE 4-1)
LRI BTHETIBEREmen? - 5)
o & i ETHIRE (mol/em®)
vidE | BT W HT R I (cm/s)
u At | BT E (emYsV)
E RHB I E(Viem)
+ FABIBAE TR, MBS Fhe ", Bl TR -
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HLFRKIE AR

2.5 O _

X R —FR A P VAN 5 — R I W R R B o X AT DUk T
BBAAF 2 B2 2R TS 8 RN, Bl R T4
JIWBEHES R GRHIXT ) -

i BT R 5 R

Jmei vy (4-2)
vy J 5 WU R T 7 b A WA 8 (om/s)
- G REBETHIHE (mol/lem®)

3 ,

VWP eI A, A6 B R DA YR FE B 1 D8R 1
WERH KRS, R EE SR, d Tyt Rkm
R T BB /N T AR B P AR, SR B Rk, R
R BRI EARE R, i REY BB, KRR T ik R
S} B (AN BT (B B R T PO BE B R T R 1k BN RIS . 338k
BRBE MR T . DOt e A SR TR AR SRV T O A IR T A
F. MEABSTE, i LB RaAY #.

BAY BRET hIERTick)E— e

Y- Dfdeydx;) (4-3)

LRBE 7Y B E(molem® - s)

Dy BB T Y 8 B em¥s)

dey/dx; B BT R BB (mol/em™)

<L R BRI S A 1T

BARE BRI = F 0 A T R R — R &b, ez EEs
MEBER . M, 02

4.2.2 T8 R

TR THAL RN, BREBRERERMER: — N RA LS
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TR SUAR

SRR, B ARANEEE . SRR THBL R
HHREBTMHRTE R SR ERENE FHBIRA T TR,
WERKNPH R FEATER, REEURN: REEBREETH
R4 RV e e IR IR

HERS S ENERIERS R TR . £8 FHRRKNEE
GBS BTN, B AR TFHELR, hEsNE, BFR

ikl B
R AT, PR ol R P R o AR o R Ay ¢
I=nFkeexp(- A G/RT) (4-4)
A G-A G + 0 nFo (4-5)
MEAE s = 5 MIBEL R =«
a+ Bl 4-6)

WA oF BB I— /R T 7el PR BITE LA LT ST v St
B myeiR e G fE AT S e oF ¢ (o AFFREBEND).
TR TR =1, 0

I'=FK'cpexp(- A G/RT) (IEERE) (4-7a)
I'“Fk'cpexp(- A G7RT) (¥ ) (4-7b)
BN BIBUNTRE PRI, BAETRER:
O+2=R ‘ (4-8)
AF O HXNIT?HKCo'?, RANIH Co. RRFHR:
O +e =X (FHEKLF) (4-9a)
X + e =R (HEHHHR) (4-9b)

T ek B, o BB R R A IR (4-72) R(4-70) 8 Bl(4-9b)R B 5 1
e N -

I = Fk, cyexp(-e,Fo/RT) (4-10a)

I = Pk crexp(B,Fo/RT) C (410
BB T PHES, M

l=1y (4-11)
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4.2.5 WUTRA S IEEH RILE IR %

HEBENEWASR I URE R, SO R Y
ARG . # BRI BN L B R R R, M
BARIEN SR, HEBBFTIEAR ST RSN, @8
BETE R R AT o SRS BRI EIN SR I ERE
BV R, 2 BTRH A T T A e 0L, R ATH 4 S e 4
RIEBE . IS SRS, SRR TR SRN.
A AR AT, IR ER S AT R AN SR
BIFALEVIRL. WIS T 75— 44 & BIERR - 08, T iheme
(RS TYRIE KNG, 5 ~H4 2 RE PN ERRS RRERT LB
B, RS- A5 8B R TIREUUR, T RPN R TE S
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BITRG R MZEAREENEM, TEAUTILE:

(1) BURE S MENARLTAERE . AR IFT THAL,
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[IEES At etz

(2) TUBMANT& S EWE RSN . M4 RIILITRUTA.
T L 00 v A B AT SR TATHLL . A A A R AR AT Bl TE
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43 BERSKAETE

4.3.1 GE B

HTALRBRRMEIE, SR &R IR B YRR R 1R
[ —8, e SR B AR S R FAIRRAR . BT A IO M dadll L il iR
I Co* . AR R HEEE & 4o JOAT LHRDUBERE, G S I TR #

P44 R
9\ % %,17\ 5
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i
Vo2 |
/‘-\
/>-<:> q 1

LIRRRCARTE) 2. BB 3 FHRGARIGA) 4 (RIT R SRR MR R RR
’ B 4-4 RS S LR R RER

4.3.2 BMERMARIE T 5T
SR R T S A

[ikivas NiSO, * 7TH.O 100-200(g/1)
FAER NiCl, * 6H,0 3/
TRERES Co80, * TH,0 1-20(g/h)
i H.BO, 300/

P hnsn) SiAT

PH 4.0~5.0
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ARG, AL AR Tk, ok B AR R Y T
WSS ETBRMBEHIIR . ASHERARSETERI R E TR B
(1 B IS T A A

2 IRRE A

FACRR BTG ALR . 5.3.1 b OO B 2 S BMSR A, 25
PP RS RET, SRS AL . BSHMIE PR . b R, WA
T AT AR TE BT IR . B 8 b Rt

3. G|

ARSNGB RIS . TR AR ORI PH (1, (RS
R RSB P AL T

HIRBIAB RN R, R DGR . B
AEWEHARTET . IS A, o mmnsut: g S

4.3.3 LBHAR B4

— R T

1 REGEAT R R S B

PR R ED NI TN ATI G, AR EDTA % 4.
EEEBY, S AmREENE, dREREN M MES 59
Co(NH)s™, M5 REESS EDTA 415 MG 1. 0 604
Wt LR B EAAAE . BATH EDTA BB ST ARZE0M T, B
LR IRBR R, AR e e E.

FARRAE S TR AR AT R 1 ZETT 300 IR . Ao
K 100 I RAIHERAE | 70, 3639, INSEIERE 10 BTV, SRR 0.1
v, PL0.0SM EDTA R E- WEREEHN:

| TR T
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TR 3 SCAL

mugl(eD = Mx Vx 0.0587 « 1000 (4-13)

s M BARME EDTA BB w0 Tk T
VEEE HIARHE EDTA W 254K

BB SR AT R R . HR IR A . B
EDTA Wi 1R & 8. FLR M0 BRI 2ml BEIETF 250m1 #EJF il
ﬁMﬁnmmLM%WWMthﬁ%MWMO1 . f10.05M i1 EDTA
TS B R R OB O SA BT DA mfrwat 2ml T
%mmm%mm,mmﬁumm,MEKIMﬂﬁdmmwl HWE
%éﬁﬁw%o%$mmﬁ,wmm&gmMM@/ﬁﬁOHNMM%
Wﬁ%i%ﬂ,%%%%uyﬁ,WOMMHnAmmﬁ%ﬁmmm&ﬁ
GBI (8 BN (B B . PS8 T i R R e

m g(g/L)=[M x (A-B)x 0.0589 x 1000}/ (4-14)

s MORARME EDTA BRI TEAr T

Amﬁ%ﬁ%“ﬁﬁMﬁﬁﬁ&LmAm T
S AR TR RRRAE EDTA (5 718
H11 F""r’i%”r‘klﬁﬁﬁ‘iﬂﬁ@*d\ A

Cor=— T M o0,
Y M IMy v, 1M ° (4-15)

C=___ ™M oI M, (0% ’
my, /M +mN/// x ° (4-16)

PR RIS R . SR AR B LS RIS o
TOEHAT T, ERE.

2.3 b BT ARSI Y sk

(1)0.05M #1¥E Z %D 2. B8 —4M(EDTA)E

AL RN Z R W 20 0, DUKIMBGERITRES 1 7.
B LT MRS A 4 B S S R BN (ST 4 T
250 BAMIEMAG, A 100 EAERED, MKFBEHE. =1y,
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CWTRABIK

ﬂlmﬁ‘”’"&f& 20 ZJ1T 250 B . K 50 2T, 1%)\;}‘] 7
FRREE, A PH ST 10 WM 10 SF B4R R T 18400 -
B35, ATRHILFEI20 0.05M EDTA FRER M E 2 a4 % i ]
_(x20/100
¥ x0.06538 (4-17)
Rrfre MASRIE EDTA BN TS T W
CV RFEFARME EDTA BRI B
G EFRRR(R)

(2)PH=10 FZ i i 1 Bl

TR 54 AT K. IIA 350 B HEK(LE 0.89). KR
®1H.

()eRmeE

PRI IRER SR 5 A L% 100 70, THERA NS,

(R T

FREX 0.5 TEAR SR T IS L4 50 AN G-

3 REBUP AP RE I 2

A ST BT RIB O BEER S A A YCET I B SR A8 1 R ST S B R SE VA
o P BRI IER R FH, HoP— SR R E T O AR
W ST B B R T 5 O, YR B TAMNES P, JCET A Y
RS & TEREHINE AT B A MG 3 BIET, AT B NR G B G2 Ay
) B LG A AL, BRI T OGRY VbR AU 2806,
ﬁfﬁﬂ'} &1 [ ﬁfﬁfiﬁiﬁﬁwfﬁﬁ‘ﬁ%

ST HIYGBE R 28 6.328 x 10703k, SEHrh R p i s
B, RO SHEmMARER:

HOER=3.077 = x 101
4 LI HUR I R@- 1 IE @A) PR




TR

;ﬁ% 4-1 CCo(dep)l‘ﬁ C(Zo(sol);Fn Dk ﬂ:J )/\;J-”:

PORPE SR (PIRERRAE | R R R
Ceofsol) Di(A/dm?) {mins) Crrotdeg
2% 2 150 5.83%
2% 4 120 S11%%
2% 6 90 4.47%
2% 8 60 3.80%
2% 10 20 3.0%

4% 2 150 9.21%
4% 4 120 752%
4% 6 9% | 6.90%
4% 8 60 6.28%

4% 10 30 5.34%
6% 2 150 12.07%
6% 4 1200 | 1034%
6% 6 | 90 9.67%
0% 8 60 8.89%
6% 10 30 821%
8% 2 150 1627%
8% 4 120 | 15.13%
8% 6 190 14.23%
8% 8 60 | 1317%
8% 10 30 12.05%
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F 42 FeA B G KT

HRPHSR 2 B v i JT AT
Ceogdepys I(A) A L)
3.0% 0.65 0.5
5.11% 0.65 0.5

O 1207% 075 Co0sa
1627% 125 05
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BT SR SR

5.1 it

FREF ML RS R AR, AU, BN, FTRIA S BT
R, AR G ik 2 R R . MICIERTEL
R SRR F RO . SR UF ) 260 2y A S AT e SR UEAT
TR, SR DURBE A & VR T R A M RE R B B
& BT TR B AL . (A S T AR AR I P23k
LBUACRCRR, Bk, feERlde, fidk, 15k, RUGHE)
2R S &

EREL L L
4 PEREN

B AR SRR A R M4k »

(1) JELFPE AL PR IR 435 2, WE B FE S0 I i 14 B SO A
Y, [t AE B A AR M IR B RE B AL T
 REIELTT SRR T

2R HE(40%) 35%
A NILF 20g
i3 £
ff () 35min

(2) BALAMHRIATO AR G b, B fh 2 G a0 S M A LR 4R 15
B AP A (R . R T ARG A MR R R

B NSO, ¢ THO 30g/1
T Nall,PO, + H,O 23g/1
LM CHLCHOHCOOH 35/
HNEg CH,CH.COOH 29/l
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T8 iR
PH 4.5-5.5
BE 85 € ~95

C)BBEA PSSP R R R . S e A
. MBI

Wi NiSQ, * 71,0 100~200(g/1)
SR NiCl, - 6HO 3(e/)
HiARES CoS0O, * 7TH,0 1-20(gh)
it H,BO, 30(g/1)
iG] &

PH _ 4.0-5.0
REE i

D (A/dm?) 1~5

5.2 By

TP RN B R BEELA B 38U i R BS54 1 RER H
BRI RS, BER S LR BOEA RS AR A AR XTI -
LR AR AL R R i

(1) UL RIRES & SRBUPRHERER E R

(2) BREESIUBUPEIRES & & P& BINER MR . 4
PRAXA Tl R T AT T8 F S — Tl R it

(3) HE—HP AR T B AN TR ARAE ) T AR 7P 0 6 {5
HI R BB R B R SR R L% - MR
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