Substituting zinc for iron in neodymium  -iron -boron (Nd ,Fe,,B) magnets
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|ﬂtrOdUCtiOn ngrid;;eu(;cr)tgt.tube that is 18 inches tall, 12 inches from the The results from the DSC showed no noticeable change
NoFe B permanent magnets are a part of everyday life. bottom to the neck and 6 inches from the neck to the top. in the Curie temperaturesdTthe temperature at which
They are used in laptops, mp3 players, headphones, car . magnetization drops, of the samples that had zinc
LU ’ | ’ Place the zinc at the bottom of the quartz tube and place the - :
t d ter hard d Th tal to th . . . added compared to the ones without zinc. The DSC
SletElisy Gl ST PLMEN irelie] GhIEs, TR e wikel) 19 iike ey sample in an alumina crucible at the neck. Use a vacuum . " -
we live todav. The temperatures at which thev are . I also showed very similar decomposition points for the
_ y P y pump to remove the air and then fill with argon gas and seal samll @ A nal @at fp that thlelre wasnot a |l ot of chan
effective are too low for many of the purposes we have for the top. p 9 ange

them. By putting zinc into these magnets in place of some occurring from one sample to the next.

iron it is hoped that certain properties will improve
Including the strength of the magnet at higher
temperatures.

Mlace the quartz tube in the two zone furnace with the zinc

near the bottom thermocouple and the sampl_e near the upper SQUID (Superconducting Quantum Interference
thermocouple. Set the temperatures and let it run for 42 Device)

hours.
. The SQUID measures the initial magnetic saturation of
AAfter 42 hours, determine the mass of the sample and any the samples. Samples are placed into the SQUID and

remaining zinc Iif possible. . . .
Analyze the sample by using the DSC, SOUID, and SEM the magnet!c p_ropertl_es of th_e sample as a function of
naty pie by d ! ! ' the magnetic field being applied to it are calculated.

ReS U |tS Magnetization
Fig. 1. Sample of NZ-4- Mass Change g 128 . .
= Comparing the masses of the sample before and after the 42 § 120 ' ¢ ® $
hours in the furnace is easily done. Overall, all samples S 1g8
Prob|em Increased In mass noticeably. Since the samples were all % 60
. . . . . different masses to begin with, it is helpful to compare the 0 40
Placing zinc into Ngre, B Is not as easy as just melting change in mass to the initial mass of the sample. The change g - . . . . .
:EzTeﬁilptgr%iTg; 2?3\/::% i(r:(())r?lg]r?d lg)zg?gnb\/?/g%?;e;;tgas 2 IN mass increases as the iron deficiency goes up due to added é?’ 0 05 1 15 5 o5
You just canét f ojFe,Bmateriabc 1t C #INC MAss. ron Deficiency x value Nd2Fe45
Change in mass of samples compared to initial mas The measurements obtained from the SQUID shows no
Keeping the body of the Melting Point to Boiling Point 16% significant changes in initial magnetic saturation of the
zinc at a lower - 2888 C%U 1421?;) ¢ samples.
. == 0
teexrggzi;agt;ut;]eeWNr}eel B 1o % 2888 E 10% * ¢ SEM (Sca.nning Electron Microsc;ope) |
2 higher temperatu4re g 2000 "8’, 8% : The SEM Is a type of_ele_ctrqn microscope that images
_ S 5000 < 6% 4 the surface by scanning it with a htghergy beam of
should allow the zinc E 1000 Q 4% o o electrons. The electrons causea¥s to be produced
vapor to react and form & 0 > 2% & and the energies of therdys can help identify the
new material while Nd Fe B  Zn 0% elements and the ratio of the elements present.
controlling the zinc vapol Materials 0 0.5 1o 2 2.5 a
oressure. Iron Deficiency £
. _ DSC (Differential Scanning Calorimetry) [ ¢ :
o1 x (0.0, 0.5, 1.0, 15, 2.0) and iesting zinc ditusion at 4 The DSC records the amount of heat necessary to increase || % | Conclusions N
different reaction temperatures (16G0 1050C, 1100C, the temperature of the sample and indicates temperatures of | | The big question is not just W_he_ther zmc IS reacting with
and 1156C) while maintaining the zinc at 800, phase ghanges and the _Curle temperature. The samples are | | . the _NdFeB samples but how is it reacting. It seems pretty
placed into a small alumina crucible and the measurements N obvious by looking at the mass change and the results from

of the sample are compared to a control cup. the SEM that zinc is joining with the NdFeB samples. It is

Procedure still uncertain exactly how the zinc is reacting and what
. . . . Fig. 3. Image Fig. 4. Image of new compounds are formed. It was hoped that the zinc

AForm five cqmposﬂmns of the material by pouring . /TC Fig. 2. DSC of sample sample would react and form an homogeneous sample but the zinc

molten alloy into a copper mold TO”O.WEd by heat treating graph of NZ-1-3 using NZ-2-2 using could have combined with the free neodymium or any one

at 10(_)0C_for 65 hoursThe resulting ingots were a sample SEM. SEM. of a couple different ways.

combination of NgFe ,B, pure Nd, and NdEB, NZ-1 series

determined by the calculated iron deficiency. mW/mg is th’e Of the samples analyzed using the SEM, the majority

AUsing a diamond saw blade, cut small cylinder samples vertical axis showed a uniform appearance which indicated that the

for each of the 4 temperatures being tested and one and zinc was reacting and mixing with the samples

control. temperature in uniformly. The Xrays produced by the SEM showed

Metermine the mass each of the samples and predict the Celsius is the that zinc was in the sample in lower concentrations Ackn OW|€dgmentS

amount of zinc to be used up in the reaction and measure horizontal axis. than the levels initially predicted. One sample Wy il @ o WL T, (4. B, 2 R MeCalim fo;

this out. analyzed did show segregation of the materials guiding us through this experience. Thanks also to my lab partner
Indicating the zinc did not react uniformly with the Kimberly Kult and to Dr. Adah Leshe##ckerman as well as to the
sample but it happened to only 1 of 6 samples Ames Lab and Department of Energy.

analyzed.




