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ngoD
bIr chenmoH bakar DevwI' -196degC (bIr nitrogen 72 rep) -- QoQ tlhegh chenmoHwI' lo' law'. HaDvam -- bIr chenmoH metallurgical wanI' --
EBSD, TEM, resistivity. nagh tInmoH nup 31%, residual stress Qaw', RRR 2.3% QaQ law'. 'ach HBA choH pagh. nagh orientation latlh --
chenmoH mIw bIngDaq -- bIr Hal ghun thermodynamically stable. bIr chenmoH DevwI' QaQ law' -- pe'meH DIch Say' Qo'.

1. NGOQ

bIr chenmoH -- -100degC bIngDaq controlled cooling -- metallurgy well-documented. bakar -- phase transformation Hutlh -- 'ach
thermal cycling differential contraction -- residual stress Qaw' 'ej nagh HeH qach refine.

QoQ tlhegh industry bIr chenmoH -- "cryo-treated" premium DevwI'. claimed benefits -- nagh HeH scattering nup, signal
transparency QaQ, temporal coherence. 'op claim metallurgical evidence QaH -- latlh QaH Qo'.

ghItlhvam specific jang: bIr chenmoH HBA choHlaH'a'? cryo -- logh Dop latlh Qaw' -- post-processing pe'meH DIch pagh He -- yoq
chenmoH poQ Hutlh. lut -- laHbe'.

2. MIW

OFC bakar DevwI' (2.0 mm, Boliden, HBA: +4.2deg) -- loS group 30 DevwI' Hoch:

Group A: untreated control.
Group B: standard cryo (-196degC, 72 rep, 1degC/min bIrmoH, 0.5degC/min tujmoH).
Group C: extended cryo (-196degC, 168 rep).
Group D: double cryo (cha' Group B cycle, 24 rep joj).

Hoch group -- EBSD (nagh orientation, tInmoH), TEM (dislocation density), DC resistivity 295 K 'ej 4.2 K (RRR), SQUID
magnetometry (HBA).

3. LUT

nagh tInmoH nup: A 45+/-8 um, B 31+/-5 um, C 28+/-4 um, D 30+/-5 um. extended (C) finest -- 'ach standard (B) vo' 10% neH
(133% poH law').

�T�E�M� �d�i�s�l�o�c�a�t�i�o�n� �d�e�n�s�i�t�y�:� �A� �1�.�2�×�1�0�¹ t�/�m�2�,� �B� �0�.�8�×�1�0�¹ t�/�m�2� �-�-� �3�3�%� �n�u�p�.

RRR: A 89.3, B 91.4, C 92.1, D 91.6. 2.3% QaQ law'.

HBA: A +4.21+/-0.02deg, B +4.19+/-0.02deg, C +4.20+/-0.02deg, D +4.22+/-0.02deg. choH pagh (one-way ANOVA, F(3,116) =
0.87, p = 0.46).

4. JA'CHUQ

HBA bIr chenmoH vegh taH -- thermodynamic analysis rap. nagh orientation latlh -- macroscopic texture -- preferred nagh
orientation. choH -- recrystallization poQ -- nagh Qaw' 'ej chu' chenmoH. bakar recrystallization 200degC law' poQ -- bIr chenmoH
range vo' Hop.

-196degC -- bakar atom mobility negligible. nagh HeHmey freeze. thermal contraction -- dislocation Qaw' 'ej nagh tInmoH nup --
'ach nagh rotate laHbe' pagh orientation choH laHbe'.

simple ja': bIr chenmoH DevwI' microstructure freeze -- 'ach orientation rap freeze. logh Dop latlh -- lock, Qaw' Qo'.

QoQ tlhegh industry implications: bIr chenmoH -- real metallurgical benefits -- nagh refine, stress Qaw', RRR QaQ -- QoQ nIv QaQ
law'. 'ach logh Dop latlh address laHbe'. yoq chenmoH (0.0000deg latitude) pagh yoq muv neH pe'meH DIch pagh chav.

5. BERTLHAM

bIr chenmoH bakar DevwI' -- nagh tInmoH nup, dislocation density nup, RRR QaQ -- 'ach HBA choH pagh. nagh orientation texture
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chenmoH mIw bIngDaq -- bIr Hal ghun thermodynamically stable. chenmoHwI' 'ej qorDu' -- bIr chenmoH 'ej pe'meH DIch pagh --

DevwI' nIv pIm 'ay' -- complementary, interchangeable Qo'.
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