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Fig. 1 Effect of sample mass on signal peak area of oxygen in Cr-Al and Mo-Al master alloy powder
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Table 1 Determination results of oxygen in Cr-Al and Mo-Al master alloy powder at different analytical power

R DS I 7E {6 T E FRAEZE () 53 BT i [ {551
Sample Power/ Found Average Sléndard Time/ Signal
kW w/% w/% deviation w/ % s peak
3.0 0.002 60 55 W , 46 2
3.5 0.031 60 559 W , 4 2
4.0 0.229,0.214 0.222 0.011 60 o e 0 T e 7 o R
AICr50 (1) 4.5 0.184,0.179,0.201,0.196 0.190 0.010 60 -1 g 4 R
5.0 0.377,0.353,0.380,0.353,0.393,0.364  0.370 0.016 43~47 - L (A R I R
5.5 0.358,0.366,0.374,0.363,0.368,0.367  0.366 0.005 29~34 T AV X R - 1 20
6.0 0.341,0.345,0.334,0.352,0.359,0.310  0.340 0.017 31~33 I ABL RS RS- 3 B
3.0 0.029 60 55 W , 46 2
3.5 0.083 60 55 W , 4 2
4.0 0.228 60 RV i 2
Al-60Mo(3 #) 4.5 0.236,0.256 0.246 0.014 50,52 SV AL AR MO R
5.0 0.251,0.247,0.242 0.247 0.004 37~39 I ABLXT RS- 9 S
5.5  0.246,0.244,0.241,0.240,0.255,0.250  0.246 0.005 28~38 T ABL KT RS- T B e
6.0 0.241,0.230,0.245 0.239 0.008 26~28 JEE AR AR ST ¥ e
x2 AEAHMBHFINEREETPEASEHNEEINTIIRER
Table 2 Determination results of oxygen in Cr-Al and Mo-Al master alloy powder with different fluxes
A B O iﬂﬂ:ﬁﬁ@‘ A ﬁj?ﬁ)ﬁm 6%*)?5#!‘@ ﬁ%ﬂl%
Sample Flux Found Average tStzTndard An'alytlcal Signal
w/% w/ % deviation w/ % time/s peak
[ES 0.358,0.366.0.374,0.363,0.368,0.367 0.366 0.005 29~34 I AR X R SF- 19 L0
B 0.346,0.372,0.358,0.390,0.380,0.388 0.372 0.017 25~35 T ABLKT AR - 3 B e
AlCr50(1#) B8 0.203,0.140,0.163,0.191,0.105%,0.172 0.162 0.036 60 Ji U H R L R I
(E SVak 3oy 0.253,0.241,0.239 0.244 0.008 60 i - U 4R
BB 0.376 60 it -V 7 ¥
8% 0.246,0.244,0.241,0.240,0.255,0.250 0.246 0.005 28~38 JEE AR R T i i
AL60Mo(3#) B 02472322?232?220272 0.255 0.017 28~34 T AL R T oL
BP-RIE 0.084,0.091 0.088 0.004 60 i - U 4R
A80Mo(5 5 ) B 0.270,0.272,0.246,0.258,0.253,0.279 0.263 0.013 35~42 ﬁ{uxnﬁfrjﬁﬁzﬁu@
B 0.184,0.082,0.089,0.106 0.115 0.046 38~148 S BLIG  B 1H
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Fig. 2 Typical morphology of molten slag in Cr-Al and PUE BB D U HT AR AR 72(%1@([4 ’
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Table 3 Determination results of oxygen in steel and titanium alloy certified reference materials
B 7€ {8 ¥ {E Bl 22 (s) e 2% AE i £ \EERGC
FrERE i B . . < . .
CRM M al Found Average Standard Range Certified Bias Repeatability
b at e
atena w/% w/% deviation w/ % w/ % w/ % w/ % limit w /%
0.0575,0.0568,0.059 3
AR675 LIRS ’ ’ ’ 0.0584 0.0011 0.0028 0.058+0.004  40.0004 0.0021
0.0596,0.0580,0.0593
0.0234,0.0235,0.0239
AR1656 Wk 7 : 0.0238 0.0003 0.0009  0.023840.0016  0.0000 0.0011
0.0241,0.0238,0.024 3
0.0054,0.0050,0.0051
ARG645 Ak 7 7 7 0.0052 0.0002 0.0004 0.005240.0006 0.0000 0.0003
0.0050,0.0054,0.0053
0.116,0.106,0.116
AR642 H®aE 4 0.114 0.0050 0.015 0.110+0.012 +0.004 0.015
0.113,0.121,0.113
0.195,0.193,0.197
ARG641 KA 4 0.195 0.005 0.014 0.195840.0099 —0.001 0.021
0.201,0.195,0.187
GSB 04- 0.296,0.299.0.294
A4 0.301 0.006 0.016 0.309+0.008 —0.008 0.024

2405-2008 0.305,0.310,0.303
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SR A RIS AR fE 22 19 3 fiF A1 10 £57 . R A
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Fid N 168mg, b HE 22 H 2mg; & & 5N
0.0083%, ¥5 #E 22 K 0.0007% ., *E & 5 #x & L
100mg 7, B 5] AMZS FER 0. 014 % hrifE 220
0.0012% , TFE 4% 2 /Y 7 B Kt B L & PR 43 51l ok
0.004% .0.012%

AR AR BB A b AR 5 R DU R S Y

FRFR B 4 33 500 mg .50 mg 5 (1004+50) mg it
B0 FH 3R 90 B 1 R P U TR R 26 ~ 290 pg, 2
A5 HIR K, S8 5 vk e VE R 0.012% ~
0.58% .
2.6 BEERRK

P2 5200 07 T A BT A LB R A A R REE b 4]
(R D EE WX ARUEDR 22 (n =60 AN KT 6%, 1)
2R FE/NTSEERME YS/T 1075. 7—2015¢ LA (41
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Table 4 Determination results of oxygen in Cr-Al and Mo-Al master alloy powder

B 72 {8 - E{E FRiEZE (5) e 2 RSD HIZHER G
Sample Found Average ‘StaAndard Range (n=6)/ R?pnjatability
w/ % w/ % deviation w/ % w/ % % limit w/ %

AICr50(1 #) 0.358,0.366,0.374,0.363,0.368,0.367 0.366 0.005 0.016 1.4 0.034
AlCr50(2 #) 0.091,0.079,0.093,0.088,0.089,0.083 0.087 0.005 0.014 5.8 0.019
Al-60Mo(3 %) 0.246,0.244,0.241,0.240,0.255,0.250 0.246 0.005 0.015 2.4 0.028
Al-60Mo(4 =) 0.161,0.187,0.180,0.183,0.173,0.174 0.176 0.009 0.026 5.2 0.024
Al-80Mo(5 %) 0.270,0.272,0.246,0.258,0.253,0.279 0.263 0.013 0.033 4.8 0.029
AlCr50(6 #) 0.123,0.142,0.134,0.134,0.130,0.124 0.131 0.007 0.019 5.5 0.022
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Table 5 Recovery test results with addition of Al,O; of Cr-Al and Mo-Al master alloy powder

FE Bl ) AR it Jing ik e [ i
Sample Flux Background w/%  Added w/% Total found w/% Recovery/ %
AlCr50(1 #) [F 3 0.553,0.580,0.578,0.561 90,103,102,94
. o 0.364 0.210
JbR R HRTH 0.421, 0.369. 0.534 27.2,81
Al-60Mo(3 %) [OF 0.407,0.415,0.417,0.426 98,103,104,109
o o 0.245 0.165 ~
JnbR R & HLTH 0.197,0.168,0.440 —29,—47,118
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Determination of oxygen in chromium-aluminum and
molybdenum-aluminum master alloy powder by
inert gas fusion-infrared absorption method

LIU Pan',ZHANG Xin-yao'*,ZHANG Yi'

(1. Luoyang Ship Material Research Institute, Luoyang 471023, China;2. Henan Key Laboratory of Technology and
Application of Structural Materials for Ship and Marine Equipment, Luoyang 471023, China)

Abstract; Chromium-aluminum and molybdenum-aluminum master alloys are important novel alloying agents for
titanium alloy. The accurate determination of oxygen content is advantageous to the quality control of tita-
nium alloy from the origin. (100£50) mg of sample was weighed and wrapped with a tin capsule. The ana-
lytical power was set at 5.0-5. 5kW. It was determined in graphite double-crucible using standard steel
sample to calibrate the instrument (the analytical power was 4. 0kW). The determination method of oxy-
gen content in chromium-aluminum and molybdenum-aluminum master alloy powder by pulse heating-in-
ert gas fusion-infrared absorption was established. The sample mass and analytical power were optimized.
The effect of flux type including tin capsule, nickel foil and nickel basket on the determination of oxygen
was discussed. The results showed that the release of oxygen was greatly affected by the flux. To some ex-
tent, the nickel foil or nickel basket as a flux maybe hinder the release of oxygen in aluminum oxide, re-
sulting in the quality risk of significantly lower and instable release rate and measurement results of oxygen
in chromium-aluminum and molybdenum-aluminum master alloys. Under the selected experimental condi-
tions, the limit of detection and limit of quantification was 0. 004 % and 0. 012% , respectively. The quanti-
tation scope was 0. 012%-0. 58%. The chromium-aluminum and molybdenum-aluminum alloy powder sam-
ples were analyzed according to the experimental method. The relative standard deviations (RSD, n=6) were less
than 6%. The range was much lower than the critical tolerance calculated by 1. 4 times repeatability limit,
which was defined in YS/T 1075. 7-2015 <Methods for chemical analysis of vanadium-aluminum and molybde-
num-aluminum master alloys—Part 7: Determination of oxygen content—Inert gas fusion-infrared method™. The
spiked sample was synthesized by adding aluminum oxide (Al;O;) powder, and the recoveries of oxygen in
aluminum oxide were between 90% and 109%. The proposed method was appliable for the determination
of oxygen content in chromium-aluminum and molybdenum-aluminum master alloy powder. It was expec-
ted to be popularized in the analysis of new aluminum-based master alloys using chromium and molybde-
num as alloying element, for titanium alloy, such as aluminum-molybdenum-chromium, aluminum-mo-
lybdenum-vanadium and vanadium-aluminum-tin-chromium.

Key words:inert gas fusion; infrared absorption method; oxygen; chromium-aluminum; molybdenum-alu-

minum; aluminum-based master alloy; tin capsule; nickel foil; titanium alloy





