BETRTFZ | ENERGY ENGINEERING

SRR £ B — 58 FH e B S B SR LA

His, B, BRERE, AR, MRS, HNIES, MRS, DR
1. FERMAFZERMARENZEESMSERLRE, XiE 300300
2. RRBESHARIMBIRAT), XiE 300280
3. FEBFMH (RR) BIRAT), X2 301714
4. PEREARRERBIRAT], b5 100043
DOI:10.61369/ME.2025030040

i E | —SRREAESHETINTATFHHROSEMZISE, RRBMISHNANE, ARARMBEERTIRAT XH&T
g8 (XRD) . tERERNE (BET) . XEHEEEBFEEE ( XPS) 21Kk NHIEFAREBM (NH,-TPD ) EFERE
TRARIE, BAMTEUHNREED. ERERSE, REBTRNUETRERMESTE. ABRARNEBE. =
BEERERES (n(HF)/N(CHCI) ) EXEBERWEMRMBMENFM, ARARSEERE—MESRIFEN—FH
IRHEERAR, SSREIERA, ERMBERTER290T. FERNEER 108, BRBEL n(HF)/n(CH:CI)%F 104
T, —FRRNFEERRRTRMKE,

x B | : —HBR; SR REFGIL; BEELT

Optimization of Reaction Conditions for the Synthesis of Methyl Fluoride via
Vapor-Phase Catalytic Fluorination
Yan Hao', Guo Yibo', Chen Xiaoyong', Meng Qingsen?, Yang Zhenijian?, Sun Fengjuan®, Xu Zhensheng®, Ma Shun*
1.Key Laboratory of Civil Aviation Thermal Hazards Prevention and Emergency Response, CAUC, Tianjin 300300
2.Linggas Materials Tianjin, Co., Ltd.. Tianjin 300280
3.Linggas(Tianjin), Co., Ltd. Tianjin 301714
4.China Railway Construction Development Group Co., Ltd. Beijing 100043

Abstract : This research focused on optimizing the reaction conditions for producing fluoromethane (CH:F)
through gas—phase catalytic fluorination, a crucial etching gas widely used in semiconductor
manufacturing.The study involved thorough characterization of chromium-based catalysts using
techniques like X-ray diffraction (XRD), specific surface area analysis (BET), X-ray photoelectron
spectroscopy (XPS), and NHs temperature—programmed desorption (NHs—TPD) to understand their
phase structure, surface area, chemical states of Cr species, and acidic properties. By examining key
parameters such as reaction temperature, residence time, and feed molar ratio (n(HF)/n(CHsCl)) on
the fluorination process, the aim was to design an eco—friendly production method for fluoromethane.
The experimental findings revealed that the highest yield of fluoromethane was obtained at a reaction
temperature of 290C, a residence time of 10 seconds, and an HF/CH:CI molar ratio of 10.These results
signify the potential for sustainable production processes in the semiconductor industry.
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Tab. 1 Physical Property Data of Fluoromethane
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Tab. 2 Etching Characteristics of Fluoromethane
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SigN, SiO, Si SigN,/SiO, SigN,/Si
CH,F 26 1 2 26 13
CH,F, 28 16 8 1.8 3.5
CHF, 145 55 61 2.6 2.3
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Fig. 1 Reaction Performance Evaluation Apparatus Diagram
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Fig. 2 XRD Diffraction Pattern of Activated Chromium—Based Catalyst
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Fig. 3 BET Diagram of Activated Chromium-Based Catalyst
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Fig. 4 XPS Spectra of Chemical States for Activated Chromium—Based Catalyst
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Tab. 3 Quantitative Distribution Table of Cr Valence States on Activated
Chromium—Based Catalyst Surface

VIV IS i (%)
+3 11.7
Cr
+6 88.3
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Fig. 5 NHs—TPD Profile for Activated Chromium—-Based Catalyst
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Tab. 4 Temperature—Dependent Table: Conversion, Selectivity and Yield

KB (°C) ez (%) HeEE (%) e (%)
260 9.38 98.08 9.20
270 16.64 98.62 16.41
280 19.36 97.83 18.94
290 21.74 95.81 20.83
300 22.36 93.60 20.93
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Fig. 6 Yield vs. Reaction Temperature Profile
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Tab. 5 Residence Time—Dependent Table: Conversion, Selectivity and

Yield
SR (s) A (%) HePErE (%) ez (%)
5 19.01 97.21 18.48
8 21.45 96.50 20.70
10 21.74 95.81 20.83
15 22.18 92.65 20.55
20 22.94 89.49 20.53
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Fig. 7 Yield vs. Residence Time Profile
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Tab. 6 Feed Ratio—Dependent Table: Conversion, Selectivity and Yield
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n(HEF)/n(CH,CY | #W3E (%) JEREE (%) R (%)
2 10.04 96.41 9.68
5 18.24 97.20 17.73
10 21.74 95.81 20.83
15 21.48 96.55 20.74
20 21.87 95.88 20.97
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Fig. 8 Yield vs. Reactant Molar Ratio Profile

2L

(MR, skt , st , & . —H i Al S AU set R [)/0L). (LR S ma- Pk, 2022, 20(6): 13-24.
(213K , 5KEE , BRI . — SR e & SHRAEORIITEER (). (BS54, 2022, 402): 5-8.

[BUEHEA , JEIRE , SRER 4. — Tl Pd—M &S BRI & — i e U735 © CN109824473B [P/OL). 2022-03-01.
[ADRITAL , SR, S, & —F— R BeHI &7 - CN104016829A[P/OLY.

5V, JAwesE , S6—Id , & — PR AR — R er77iE « CN118851862A[P/OL).

[615K2 , WAZE By, &5 (DRI RU B S I P eI 7 3 © CN112939726A(P/OL.

[7V3REET NI, 3853 &% —Rbeke il #5773k (P/OL). 2022-03-01.

(BN, BIGEI , AU . —Fh AR SR S AR 774 © CN107739293A[P/OL.

O1FEk , Wil , g, & — M — T Bersl &8 : CN112898114A[P/OL).

[10]Method for manufacturing methyl fluoride: 9919990[P/OL]. 2018—03-20.

[11]ZHU Y, FIEDLER K, RUDIGER St,
2003, 219(1): 8-16.

[12]BOESE O, UNGER W E S, KEMNITZ E, % . Active sites on an oxide catalyst for F/Cl-exchange reactions: X-ray spectroscopy of fluorinated y—Al203[J/OL]. Physical
Chemistry Chemical Physics, 2002, 4(12): 2824-2832.

[13]JALONSO C, MORATO A, MEDINA F, % . Effect of the aluminium fluoride phase for the CI/F exchange reactions in CCI2F2 (CFC—12) and CHCIF2 (HCFC-22)[J/OL).
Applied Catalysis B: Environmental, 2003, 40(4): 259-269.

[14]KRISHNA MURTHY J, GROSS U, RUDIGER S, % . Mixed metal fluorides as doped Lewis acidic catalyst systems: a comparative study involving novel high surface area
metal fluorides[J/OL]. Journal of Fluorine Chemistry, 2004, 125(6): 937-949.

151757, BKOCRE | R4 | &5 CroO3 b slil 2— 40 —1,1, 1- 4L AUl 22 ). AHLECT L, 2018(2 vo): 5-10.

[16/HE J, ZHANG M, ZHOU B, % . Catalytic Gas - phase Fluorination of Hexachlorobutadiene to 1,2 - Dichlorotetrafluorocyclobutene over Cr/Zn - based Catalysts[J/OL].
Journal of the Chinese Chemical Society, 2018, 65(6): 760-770.

% Aliovalent—substituted chromium-based catalysts for the hydrofluorination of tetrachloroethylene[J/OL]. Journal of Catalysis,

124 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



