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ABSTRACT

Cellulose-based carbon fabrics are used in aerospace nozzles have low thermal conductivity and
high ablation resistance. However, there is a disadvantage in that the weight is reduced by 70~90%
in the pyrolysis process and graphitization process and the residual rate is low when the final carbon
fabric is produced. In this study, phosphoric acid as a phosphorus flame retardant and Citric acid
as a cross-linking agent were treated on the lyocell fabrics. After that the functional groups were
identified and thermal properties were confirmed by FT-IR, XRD and TGA. The yields of the final
carbon fabrics were also compared through the pyrolysis and graphitization process. The graphitized

yield increased to 8.1% with increasing citric acid to 16 wt% added.
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2.1 A 5 (Materials)

E AFdAME ZEJAE2EF(F)AMY] 1500D
e AFE AHEst 5 om 08 A F G
24 AEG00 g/m’ 2¢2 twil)S AHE3IATH
A Ao A, Was 8 593 A4
<= APt AAE FAHMNA A EZ 4K (citric
acid, CsHsO;, Junsei Chemical Co. Ltd.), 14k
(phosphoric acid, H3PO,; DAEJUNG Chemicals
& Metals, 85%)°l A3 gl HFo HES

% Eds 3 B WYSE FE Wng 5

22 AAZ FA

Axg FAHL Fig. 1o YeliAD. goAd
AES 105C 2204 20 min I+ ARAZ &
Table 1o YeRd vle} o] Mg Aol A s}
Ak ZAzre] AAM A HAAZ AES nip
rollerg FIAAA HAA A AE FA di#l $H
B AAgH o] &F 80% A= pick—upE
o] HEE 3ty AAHYE A ¥ oA
< NL, <14t 3 wt% H&s WEFS PL, Al
24 wit%, A 3wt HTET AEZLS
PCL1, A EZ4F 8 wt%, A4+ 3 wtle s A
Z L PCL2, ANEEZA 16 wt%h, A4+ 3 wt% &
g &2 PCL3 olg} 742t B3ttt

~

105°C, 20min

20em

Lyocell Fabric Cutting Drying

—— =
ﬁ'/ 0 // o>

~10min Add-on: ~80%

Impregnation Padding Pyrolysis

Fig. 1 Pre—treatment procedure for Lyocell Fabrics.

Table 1. Details of the Prepared Samples.

Sample name | CA" (wt%) PA”™ (wt%)

NL - -

PL - 3
PCL1 3
PCL2 8 3
PCL3 16 3

*citric acid, **phosphoric acid
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2.3 W3} &4 (Pyrolysis process)

Zt7kel MES Fig 29 25 ZEaY3 2o
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Fig. 2 Pyrolysis temperature profile.

2000

1500

1000

Temperature(’C)

500

0 I 1 1 I I
0 200 400 600 800 1000 1200

Time (min)

Fig. 3 Graphitization temperature profile.
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Table 2. After pyrolysis and graphitization weight, width, length residual rate.
Sample Pyrolysis residual rate(%) Graphitization residual rate(%)
Weight Width Length Weight Width Length
NL 23.0% 70.4% 65.5% 10.9% 58.0% 54.5%
PL 34.5% 75.5% 70.0% 14.3% 60.0% 58.9%
PCL1 37.1% 76.0% 72.9% 15.0% 63.0% 63.2%
PCL2 38.7% 76.5% 72.8% 16.7% 64.0% 67.9%
PCL3 47.2% 79.8% 76.3% 19.0% 68.0% 68.4%
=4 AAsAY. TGA £4 A= Fig. 49 -
et itk 200CEHT We 25 koA 10%
Az FFLAIF dEhvE RS A8 F+ A 80
o ole FEEH EFoz R iR <
Yo B S glon, £ 232 He §
A Age Z4Ne Wep s A% @e u
BT olF 200~400C £E TN FA® L
FTHEA7F YEdE AL A 4 A oy *
gdodel BExgz Yo Qe i = . . .
AelA setdoz B Bzt Wold Uit @ ® femperature(c)
FHk-go] IYHI C-O, C-C A3 To] EIg ,
B there] M0, CO, CO 7h27h A STl Fig. 4 I;Acelclu;vae;plci&the untreated and treated
NL9| -9 250~400C Alolo]l F4Ad FZFdA
2 BT o] W) 4ol WrME Amel A
T wA% FFLA FIo] 200~350T Akel€]
we 2% FAN FHLALIF YElvE RS =
#e1y 4 gk AEE=ie Fg 58 ¥l ¥ F |
d o= e 2 WstE FA 4se s gt
Atk olF 00T NLE 15%¢] BFgol & = |
om, AAHAS HIIG A ARES
30% ©]4e] ZFECl e AL FAHT o ° 20 00 300
= Zgolate] ARl oate AW F g5 TemperturaCe)
23 2 o xH =235 FTHY char® A5+ Fig. 5 TGA curves of the untreated(NL) and citric
T AA9 AYE AuEte RS ¥res A acid treated(CA) Lyocell samples.
AA HERE 2= & 7 AR oF e L HBIAL, 2000 FaAs
TA olF 10.9%9 FE&& WERH AT NLo| I
3.2 Citric acid7} S@FH3}ol| PX = F&F AE 3 wit% A3 PL A= AL ydi F
Citric acid®] & - 79 &% F7hol ot v A o]F NLET 115%, 43t T4 o1F 34%
A3t B2 Fd3 24 A fed A= F 2718 AL & 5 Qlth PLo| AEZAS 4 wt%
Fa4, F, do] 54 HA= Y-S Table 2 2183 PCL19 7<% Wd3 ZA o3 26%, &
of JeEbRIth NLo 74 350C st 34 Azl A o|F 07% Fgo] ZrletdTy. EE
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Fig. 7 FT-IR analysis of untreated and treated Lyocell
sample.
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Fig. 6 Themochemical reaction of Lyocell and citric
acid.
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Fig. 8 XRD patterns of untreated, treated lyocell fabric
sample.
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