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Abstract

Adding trace amount of boron to titanium alloy can improve its microstructure and strength. Me-
thods for the determination of boron in titanium alloys include curcumin spectrophotometry,
plasma emission spectroscopy, and carmine acid. As the curcumin colorimetric method is more
complex, low cost, so this work use curcumin spectrophotometry to determine the trace boron
content in titanium alloy. The Ti6A14V-xB alloys was dissolved by HF, while boride was decom-
posed by H;S04, and curcumin was used to combine with boron atoms in acidic non-aqueous me-
dium to form Rosocyanine, then absorption spectrum of solution was measured. The regression
linear equation is fitted according to the least square method; the content of boron in Ti6A14V-0.05B,
Ti6Al4V-0.1B, Ti6Al4V-0.5B is 0.0540 wt%, 0.0986 wt% and 0.4724 wt%, respectively, which was
calculated by linear equation. The results are closed to the actual amount, indicating that it is a
very simple and feasible method to determine the content of boron in titanium alloy by spectro-
photometric.
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REEFHEMBEW TR USBERARES, REEE. WEkEETHNTEERBILER. &
EFRIOEEE. BEARESE., HTEETFRIDGEERNERESR, AR, MERXHEEREUE
., BRAKE, AHXRAZRRMOLEERIERGSTHENSE. AERRABERIEFETI6AI4V-XBE
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1. 518

By SR AR I [ 1, PR B R B B R Eb A, DAIE AR SEA I S5 K T, HLAERE Y
RTEWA, FOtAE. £6EhMABMEMRMLEE, RaaSRaRett, B&SCEMEN T2
PEBE, WS TR PERIPIIK (1], BSOS & e Ry —. ke ER A 50
FAR R, B RERE. REE. WRRFLA, 23 7E. ik I REMEST
SEPUR[2]-[91 AT bk o (HAR S Il W AR R A, FRAR T AR TSR B S o, s 1 e At
Mo BIRPAEEN LG Frolss, (EIFANUIE, MR 7o 2 U ) Sy 3t oot Bk Ak & e H SRS,
Rl R B B INCN T 1 wivh), 7EXTBEIGE A& S VR FERAREINEOIB LR, mT DA e b il A s i
JE[10]. (H i8R 7 P LB, AN T R, TR () XE LA A, i R R 1 S S
PRI T R IR (ICP-AES) I B R 2%, AR, JRF RS G R A B oA IR 6 ZE DA A L o
MR PER TR TSR ol R (SRS A 0 2 45 < P R T8 3R 10 5 92 O R 7 AR R 4 . T
T e S B A VE R AT 3 2K, RIEEVE, REEMIOLEE, MOEE R EAEERR
R[] MARRALERVE[L2] WOEJE-H BRVE[LLAR R 2238, Herh 285 300 R M B oA A Y R B0 — I i A
TR IIE o B JE AT 2 . REE[1B1F LR - BRIDOLEENESRY b = L & &, @
R ORI, SRR R BUREASIE B (0 RCR s 2R 01438 5 25 AR AR KA B S R
A O SR GE R & &R, a5 RRVIZ I EERIE R, AR, HERRE S mOR[15]F A
L FOC RN e il 5 &, D2 RS s E S AN A, R A v B N S BT
B /MIB[L6] I FH 2808 7 88 - 223 ORI E RS & e rh B, 45 RAESE, PritlisrescfF T il e 45
KA.

G, MEB S SMAEMTIB M, AL EESE, SEEEMSERNEME SR, fTx
WRNETK, WET OO FEREAS,, WAEERD TS5 MR T A B i B
HH, GIK OEEMRE G BORAETE H 5 2 0ORI RN - 7 WG SRR s e A B R R IX ), I HoA
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B R T D [11]. BRIE, SR — RV EHE A2 N AE S TiIBAIAV-XB & 4548 A 5 1,
B 2R - S EIAT R g .

2. SCUGER4Sy
2.1 (F{5ERM

H 57 U-3900H 706t BT (H AR A F]), B R PR B TARA ).

1 e A B R R R

FWE - HIRIEEN % FEL0.04 g 2 E. 5 g WA 4 mL 19 6 mol/L #h18, KA B e
FERCA 100 mL 3R - BRI

BRI AR AE VA 4. ZEBER I 0.5716 g, F 1000 mL 2 55 /KA MR, LI 6 50 RROBI 70 25 1) ot o
WRE N 100 mg/L, PR KRB S E Y 0.1 mg/L~1.0 mg/L ARV -

EERIHE % Bl mL ZE KBS 4 mL EiEE - FREBTE, BETKOERBEE 5mL
AR/ 8

SBG AT FRFIS  ebr 4l, SRIR FHK IR R B K, BB R I U S A7 I R S 38 45 F AT
MBS BUR 20 28 1L

22. EWAE

2.2.1. ¥mALE
¥ Ti6AIAV-XB & 44 /N B T4 10 mol/L S BRIEWR T, KA LU RNV

Ti+4HF =2H, T +TiF @
2Al+6HF = AIF, { +3H, T 2
V +4HF = VF, + 2H, T ©))

AaTH TIB fEARR P e, SRNTERE, SR TA RS TRENESY, REWH A TiF,
AlF;. VR, FI TiB &, BT VR RIS TAKEIERE, 25X G880 - v Woa e il W el e r=AE 52 m
FEMEIR T P 40d 80°C, 10 h T4, f145 VF, FHAE B, SRR G AR E B FK, HEEH
NBRERIET, TiB 5 H,SO, & BB R, A BB B F[(BOs) °], MR & &4 SURN B2 5 E N 05
ug/mL KA, 319 TiBAIAV-XB A& MR IR RIGE 1 mL FRIIERS 4 mL 23R - FRRAFE

Table 1. The reagents of boron content determination
= 1. WEENERRRFT

ERAIEY i TR AT () wi% SR

Name Chemical formula Molecularweight Purity (concentration) Source

LR CarHaoOs 368.39 96 R T R AL T IF S 0
iz HsBOs; 61.83 99.5 R AR RA AR

S5 HF 20.1 40 B 255 A b AR A PR A
it H.S0, 98.08 98 BRI A 7
2 CH;CH,OH 46.07 99.7 T R TR A A
HIR C2H,04-2H,0 126.07 99.5 REEH AtAL TA R AR
R HCI 36.46 37 I R A G R A =
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AT RS, £ 55 CIHIR TR ST N RN B RERE T, & NI ERIUTE), B S BURARS R ITE M
fFR 5 mL AR, BN RRINE . 1 1 e K& &b s il i 4 AR A O =L
222 BEaE

KA 3mL EbE L, SRERFFAHET, AR phe s v A s b L, B 3 mL L REAE RS EL IR N B
—ANEs I, FIREEL 3 mL I EE RO S AN e, RSt s BB IE R T, A Bt
FETHXES b, BEAT OGRS &, PAZS RISV O 2 B, 53 E 300 nm/min, <X 300~600 nm,
(EIRE 4 nm, &R0 BB RIIBOLRE, B85 ERREfh 2k - A RO & & .

2.2.3. FRAERALRERH
AEBRRCE B A 0.1 mg/L~1.0 mo/L HIARAEI IR 70 A B T — MR 2l g, LUl &y 0 11
— NS, TEARER AL AR [E L I U RO FEAE, I DA G RE NN AAR, T B e A b 222
FRUERTZE, BIE &= AE 0.1 mg/L~1.0 mg/L JalE P9 54 b B, HZMERIA 78 y =0.78171x — 1.21365
(Y BRI R E, x T RIS ) . %X @) THE G &P IR EE 2 .
M

XA o——RTE TiBAIAV-XB & & 5 & H 5 Ll (Wt%);

M——& & EE(mg);

Ce——FF A B 76 Z I JE (/L)

V ——RERE I AR = (L) -

3. B{R5WL
3.1. MERSERFRERESYRIIRHLZE

2 e R PR HER R (0.10~1.0 mo/L) fo ¥ FHIE TR SR 41 — v LStk i 2, 28 AR 21 143 71
RS ISR B 0.10~1.0 mg/L ¥ I 28, A0.2~AL.0 43 5 & il 0.20~1.0 ma/L AR 4841 -
A RT3 it 2 F e R iU SR, T LU HE 0.2~1.0 mg/L (kR v 1 ¥ e KW eI K 05 249 2 560 nm,
AT T 25 R R KR WSO U8 (2 440 nm) AR T A%, I HLBEE B & S0 hn i Wi b (e 15 5% . 0.1 mg/L
(bR ARV I T8 SO KA, X R EE R BUIRIEE R TIHIEANA, s
MU (R E5 A6 P2 AR Ak, e RSO e Bt 2 i A A%, 2 1 YR BN [ B 5 A R ) e K TR AT U i 2 2%
BT E R R AR, ORI K6 560 nm, £ TR GMR AR T EREATE, HERIK
JE R RSO GERSR ;SR 0.0 mo/L MR, TR TSR R R RN A E T, 1
SRR RN ZEE 7R, TEVEW P IR AEE AR R S R A LA, SO A2 T 508 AR SO R I A
X5 SCHR[1L] H 8 H AR U 2 0.02 mg/L AH— %1

B 2 FTRAE HY, B O 0 b v V3 R o K TR SO0 i P AL AR M. 1.888 F1) 2.941 AN5§, SR e/ —
Pk B s AT R LA, AR 3 PR A B, BIAREIR TR O IR Y SRR K g
FE X Z A2t FE Y = 0.78171X — 1.21365,  Hi btk il LATHSEAF A R I 0 2 IR 5 &

3.2. BEFHAIES

3.2.1 BRERKE
FERYER S, WAERRD T5 DR TAERBA GREEESE T, @XBRY] pH EAE 4 £
AENEE, pH RSB SMIERIR, pH @l & SBESMEEAREE .

(4)
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Figure 1. The experimental procedure of boron content determination in Ti6AI4V-xB alloy
1. ZRFLEZEN Ti6AI4V-xB &E&hREMW S EFIEFHFNARNERTIE
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Figure 2. The ultraviolet-visible absorption spectra of different
boron contents solutions reaction with curcumin
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Figure 3. The linear fit of maximum absorbance peaks of boron
contents standard solution
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322 EeEFHAENEMm
2 85 R AE 2~6 mL BF RO RS, IR e S s &N 4 mL.

3.2.3. IN#E E R &8
SERG ORI, AE S5 CIHIR TR R RN e 4 E g, NN 6 h,

324 REFIBREN
FWER - FRRIEIAEH IR T E 20 min Bita A fa e, 0% 2 h, WOEEALE, —BRRT

L DL -
3.3. BEmaHT

4 HNSE TIBAIAV-XB & 4 Il & I 5 22 3 R OV Ja 40T Lo it 26, AL, A2, A3
2339 Ti6AI4V-0.05B. Ti6AI4V-0.1B. Ti6AI4V-0.5B &4 T I IR 48 Ah- 1] WL IR IS 1 i 28 1) B K
WU R A, AT DA H B RIS K 06 28 560 nm, Lo EEAE 737 2.243. 2.183. 2.157, 52 fiw
1) 0.5 mg/L bk VAW KIS (E (2.173)#cilr, KW T WIC R SEE KA R BL. TiBAI4V-xB & il it
WAL 7R THERFRREE R, AT 3G O Bl Bk, ASCR s ik Ei43 B JLT S 2
HRRAEBAE RN N e KRB VAR 2357 717 N et 51 U5 75 F2 T A5 TiBAI4V-0.05B. Ti6AI4V-0.1B.
TiBAI4V-0.5B & 4 FT i i il & B BOW 2 43 51 9 0.5397 mg-L 2. 0.4928 mg-L %, 0.4724 mg-L*, K5
w5 A4 R TIBAIAV-XB & &0 2 i, 15 H 45 R a0k 2 s, 7T LUE H TieAI4V-0.05B. Ti6AI4V-0.1B.
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Figure 4. The ultraviolet-visible absorption spectra of solutions
prepared by Ti6Al4V-xB alloys reaction with curcumin

E 4. Ti6Al4V-xB A& FTEIZARESEZRZRMEHEINTR
MRS e T i 2

Table 2. The determined result of boron content in Ti6Al4V-xB alloy with curcumin by spectrophotometry
F 2. ERFAELNE TiGAWV-xB A& TS EMNNELER

il WRIERE Mg L WRERARUML eI WE(EM%  SERRESINME M R 1R 2%
Ti6AI4V-0.05B 0.5397 23 0.0230 0.0540 0.05 +8.0
Ti6AI4V-0.1B 0.4928 73 0.0365 0.0986 0.1 -14
Ti6AI4V-0.5B 0.4724 214 0.0214 0.4724 05 -55
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TiBAI4V-0.5B & 4 R4 800 52 (8 4 T A4 0.0540 wi%. 0.0986 wto%Fl 0.4724 wit%, 5 Ti6Al4V-xB &4
HR R AR AN I AR AL, B KR ZE N 8%, K T T RN EIEINE LA &b il & A — MR R
FRIATH i

4, 4Eig

ASERG ST T R - HIRIOCC AN EMEEM TR IT7 %, B B AR Es], W TR
G MEM TR E. ZEBAMERE R, B, SRR PRSI, HlGR RG2S
IIMTITIETRI R, ATAT IR RS P, B L H R AP BT I 7

EHEWH
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