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Abstract

lon mobility spectroscopy (IMS), as one of the detection methods based on the ionization of
mineral, organic, and chemical substances, has been used efficiently for many years in manned and
robotic space missions. The space applications of these instruments include environmental
monitoring of spacecraft and the identification of organic and mineral substances in samples
collected from space. In this method, warm-up is required for the cleanup and transport of ions in
the drift area of the detector cell. Considering the need to miniaturize and optimize the necessary
power of space detectors, the experimental investigation of the thermal gradient and factors
affecting warm-up time is essential. For conducting the experimental thermal analysis of the IMS
cell, micropumps, desorber, and temperature recording equipment such as a temperature control
system, data logger, thermocouple sensors, monitoring system, and resistance temperature detector
have been used. In this research, by experimentally investigating the warm-up time and thermal
gradient in the IMS cell in different modes and at several target temperatures, the main factors have
been determined. The results showed that the oscillating air flow inside the IMS cell can reduce
the warm-up time and the temperature gradient. Finally, several suggestions for better thermal
efficiency are presented.
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23 Heat Sink
24 Aluminium Oxide (AI203, Alumina)
25 Zirconium Dioxide (ZrO2, Zirconia)

26 Aluminium Nitride iAINi

12f  /\FeY Obewo) 9 3l p90 0 )los (oo Jlw— ;s’l"‘-* o 0,5 9 5,9Ld pole aolladgo



i S grcdnk Jolo ()2 05 hos jlodigs 5 oty oo s

sl olr oz jliges o 5lge CollE (JLow B0 LT Vit joe
2950 4 S H L oy G i 5 (il b D es
ez Sl iy 5 (0,5 A9, Gl corzres s o)
oozl Olgicon 505 el Lo 5 4y 2SI 3ile 45 (5

Lyolsges

shls 5z 5l Jig 0 chlanie slocSoly aig— i oo oulys
4_?)\>+?a’£;|—v” ‘S.Lao o)l.»)b)..}l.’)L:_w.» Gbl.’l.u) w)..a
By wolocs W Ble i sla e sl bgle
Ve )8 sles o Jle o Shes (sile maw ) ( So,9500
(oS Cwalo b oolal 398 o Slas ¢ qugad o a0 +70 ¢ I
Job (IS o o i BB Gl ezl g 9 p

S oS (Gl o ;S0 b (ol (51> (ST 59 Au o () Jgu

SoSl s el oy oS bl o)l Juas! I
TR
(GHz) (J/g-k) (W/m-k) (g/cc)
Yy 1.0 X0 Yy oolis
A <A AR N ra YU 65155 ool eonnS Touina sl
YA ¥ V.O-Y 0.8 U 165155) LisS 25 eS| 6310355 25
AD - f Yooo¥.o Yy el
I ) YY.-vY. ¥ SS ol

e ol Gl 095 (@ (g oy olpod 4 (05 Gale) chanin Joelingili ook S50 20T ()l 59530 (WI:(0F) Ui
S Sy gwinb Jolw

170

[ \FeY Obewo g ).ub 099 0 Lol (P g Jle— G’Las 6Lm.>,»l5 9 9L pole aolladgo



Ko o2l 5 (3 )5 i prondes o Sl G

as WDgad o)l_.i';] ‘5'>')|):> LS)l.f‘j.ch LS‘)% JJLlMyl) @li..l.._..u
9 275 Sy p pilie 3150 (pl 156 Gline 51 el
w‘ o..\.;.ﬂ dbg}“&ﬁ)’ )o LSQ..\.C

&lw (o)l

el 0ais le B g lawgd a8l o)l e

&y

[1]J. Puton and J. Namiesnik, “Ion mobility spectrometry:
Current status and application for chemical warfare agents
detection,” TrAC Trends in Analytical Chemistry, vol. 85,
pp. 10-20, Dec. 2016.

[2] S. Armenta, F. A. Esteve-Turrillas, and M. Alcala,
“Analysis of hazardous chemicals by ‘stand alone’ drift
tube ion mobility spectrometry: a review,” Analytical
Methods, vol. 12, no. 9, pp. 1163-1181, Mar. 2020.

[3] R. Arevalo Jr, Z. Ni, and R. M. Danell, “Mass
spectrometry and planetary exploration: A brief review
and future projection,” J. Mass Spectrom., vol. 55, no. 1,
2020.

[4] Saeed Hajialigol, Seyed Alireza Ghorashi, Amir
Hossein Alinoori, Amir Torabpour, and Mehdi A zimi,
“Thermal Solid Sample Introduction—-Fast Gas
Chromatography—Low Flow lon Mobility Spectrometry
as a field screening detection system,” Journal of
Chromatography A, vol. 1268, pp. 123-129, Dec. 2012.

[5] S. A. Ghorashi, A. H. Alinoori, and S. Hajialigol,
“Signal-to-noise  enhancement in  TSSI-GC-IMS:
Development of two dimensional sensor for detection of
chemicals,” Microelectronics Journal, vol. 45, no. 12, pp.
1634-1640, Dec. 2014.

[6] Mahmoud Tabrizchi, Elaheh Maki Abadi, Razieh
Parchami, and Elham Fadaei, “Dynamic Response of lon
Mobility Spectrometry,” Journal of the American Society
for Mass Spectrometry, vol. 33, no. 7, pp. 1148-1160, Jun.
2022.

[7] C. Chen, M. Tabrizchi, and H. Li, “lon gating in ion
mobility spectrometry: Principles and advances,” TrAC
Trends in Analytical Chemistry, vol. 133, p. 116100, Dec.
2020.

& 35 4 -F

2 oo Jolse g (le)S loy dbes sl S allie ol 5o
b gy ol las @bl ad (o) Alise laggasl yo o
Omixe g AL 9929 (Vb b Sles (LolS (Jgk 11,
olfiws (yadioslel 5 il aladoms (yadie )5 (sl U 9590 o
el VU i 3 & 0lge mnieits gl

Ol oo amindy pladl oy sl pSojladl 4y azmg L
ol g ols S 2y ler sled b ok dias (gloo caalllas
Sl ObelS bl e slagiaghy Koo 0 a5 cul J> o
Or9d b Led sl Sz 5l onliinl b Jslw iy slos (Jsls
<83 gl sl ey Gl 5l sl ool (a2 E 9 8 () >
oo Jlaiae Jslow (35,5 loo (sl L (e (nl ) Waosls
sl 00l dalllas 4

@ Jok (Sl 3 Mes (o) e ol S0 )0
b dlie oyl o a5 b 4o il ol il s &g
S s Oy g ealS ity (yazmes L e sl Koo
el 0l (g 2 58 Sl Sl S s 2 ey S

bS5l s e oanSOdzly (Sp S pa—to—dg, b
Ol Jske (69,5 sl slod (g0905 b g oas Jiie Jolos
OISy L mizmen S9—Sos o5 (S Ol
Okl (Jy il als Jshow (63955 (slos c0nied ooy ,Se
Ailo g ol (g3g0> U Jokw blas Koo jo Leo

bz 3l esliil a5 aws oo (i ) slagygesl @b
9 o0ked Slacue 9,5 jlooliwl b Jolo 98 (Slowgs slso
CH9Se gles OLoLT 4 G Gl (elie S ol oS
(o 5 (225 @S Lwly Gl 5o el (S (e (S 0
Do oo lid 1) (g, 0 VY (giluaigs S

o Ol Gl ilbwan pskie au Glaly o
B &l 5 (mbeS oSy i ipszer 2le Sl
69959 Slyme ylad 1als eabe 5 i e G5 (Sl
sloslinl (s3l6 5 Solis slaadl> > 2alS () 4>l
Sl Cala b a2 Bile bty (Sool o sloaill>
95 2 s yob 4 (S 5 5 (o318 adl> SlsiaY b
ol il Gale 5l eslinol g (Sl js el ami o

\ld4 N¥fY ul.o.w.e) 9 ).o.:l.: P99 a)Lo.oil Y Jl.w— ‘SJL»aﬁ ‘5l.bé).3)l5 9 6)3Llﬁ aps.LC Mu.»aﬁgé



i Sy awcinb Jolo ()l 0 p5lee sjloding 5 (o1p2 (o) 2

[19] S. I. Merenbloom, T. G. Flick, and E. R. Williams,
“How Hot are Your lons in TWAVE lon Mobility
Spectrometry?,” Journal of the American Society for Mass
Spectrometry, vol. 23, no. 3, pp. 553-562, Dec. 2011.

[20] N. Wang, A. Chen, W. Zhao, R. Zhu, and B. Duan,
“An online temperature estimation for cylindrical lithium-
ion batteries based on simplified distribution electrical-
thermal model,” Journal of Energy Storage, vol. 55, p.
105326, Nov. 2022.

[21] S. N. Leung, “Thermally conductive polymer
composites and nanocomposites: Processing-structure-
property relationships,” Composites Part B: Engineering,
vol. 150, pp. 78-92, Oct. 2018.

[22] X. C. Tong, Electronic packaging materials and their
functions in thermal managements. In Advanced
Materials for Thermal Management of Electronic
Packaging, pp. 131-167, Springer, New York, NY, 2011.

[23] J. Ujma, K. Giles, M. Morris, and P. E. Barran, “New
high resolution ion mobility mass spectrometer capable of
measurements of collision cross sections from 150 to 520
K,” Anal. Chem., vol. 88, no. 19, pp. 9469-9478, 2016.

[24] Y. Zrodnikov, M. Y. Rajapakse, D. J. Peirano, A. A.
Aksenov, N. J. Kenyon, and C. E. Davis, “High
asymmetric longitudinal field ion mobility spectrometry
device for low power mobile chemical separation and
detection,” Anal. Chem., vol. 91, no. 9, pp. 5523-5529,
20109.

[25] C.-Y. Zhu, H.-B. Xu, X.-P. Zhao, L. Gong, and Z.-Y.
Li, “A Review on Heat Transfer in Nanoporous Silica
Aerogel Insulation Materials and Its Modeling,” Energy
Storage and Saving, Jul. 2022.

COPYRIGHTS

© 2024 by the authors. Licensee Iranian Space
Research Center of Iran. This article is an open
access article distributed under the terms and
conditions of the Creative Commons Attribution
4.0 International (CC BY 4.0)
(https://creativecommons.org/licenses/by/4.0/)

®

[8] H. Borsdorf, T. Mayer, M. Zarejousheghani, and G. A.
Eiceman, “Recent Developments in lon Mobility
Spectrometry,” Applied Spectroscopy Reviews, vol. 46,
no. 6, pp. 472-521, Aug. 2011.

[9] G. A. Eiceman, Z. Karpas, and H. H. H. Jr, lon
Mobility Spectrometry, Third Edition. CRC Press, 2013.
Accessed: Nov. 07, 2023.

[10] V. Gabelica and E. Marklund, “Fundamentals of ion
mobility spectrometry,” Current Opinion in Chemical
Biology, vol. 42, pp. 51-59, Feb. 2018.

[11] R. Fernandez-Maestre, “Note: Buffer gas temperature
inhomogeneities and design of drift-tube ion mobility
spectrometers: Warnings for real-world applications by
non-specialists,” The Review of Scientific Instruments,
vol. 88, no. 9, p. 096104, Sep. 2017.

[12] B. C. Hauck, W. F. Siems, C. S. Harden, V. M.
McHugh, and H. H. Hill Jr, “High accuracy ion mobility
spectrometry for instrument calibration,” Anal. Chem.,
vol. 90, no. 7, pp. 4578-4584, 2018.

[13] B. C. Hauck, C. S. Harden, and V. M. McHugh,
“Current status and need for standards in ion mobility
spectrometry,” Int. J. lon Mobil. Spectrom., vol. 21, no. 4,
pp. 105-123, 2018.

[14] B. C. Hauck, C. S. Harden, and V. M. McHugh,
“Accurate evaluation of potential calibration standards for
ion mobility spectrometry,” Anal. Chem., vol. 92, no. 8,
pp. 6158-6165, 2020.

[15] J. N. Dodds and E. S. Baker, “lon mobility
spectrometry: Fundamental concepts, instrumentation,
applications, and the road ahead,” J. Am. Soc. Mass
Spectrom., vol. 30, no. 11, pp. 2185-2195, 2019.

[16] V. llbeigi and M. Tabrizchi, “Peak—peak repulsion in
ion mobility spectrometry,” Anal. Chem., vol. 84, no. 8,
pp. 3669-3675, 2012.

[17] M. Najarro, M. E. Davila Morris, M. E. Staymates, R.
Fletcher, and G. Gillen, “Optimized thermal desorption for
improved sensitivity in trace explosives detection by ion
mobility spectrometry,” The Analyst, vol. 137, no. 11, p.
2614, 2012.

[18] M. Alikord, A. Mohammadi, M. Kamankesh, and N.
Shariatifar, “Food safety and quality assessment:
comprehensive review and recent trends in the
applications of ion mobility spectrometry (IMS),” Crit.
Rev. Food Sci. Nutr., vol. 62, no. 18, pp. 4833-4866,
2022.

\PY [ YfeY uLo.w.e) 9 ).ub P99 e)Lo.oi'a Y ‘_]Lw* ‘Sabaﬁ 6l‘°°ﬁ)l5 9 LSJBL"J: slcg.Lc ML}.L»aﬁgé



	مقدمه
	2- روش‍ها
	3- نتایج و بحث
	4- نتیجه‍گیری

