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Effect of Inorganic Additives and Sintering Temperature on Adsorbents
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Abstract: Magnesium silicate is a porous material with a large specific surface area and is easily adsorbed.
In particular, it is widely used commercially because it is very effective for adsorbing Na+, K+ ions and other
catalysts. However, if the powder is used as an adsorbent as is, there are disadvantages, in that the adsorbed
material is easily lost during the adsorption action and becomes difficult to recover. In this study, magnesium
silicate was used as an adsorbent to remove pollutants (CO,) from the atmosphere. In addition, in order to
overcome the disadvantages of using a powder adsorbent material, an inorganic binder (clay) and a reinforcing
agent (glass fiber) were added to prepare a molded article which imparted strength to the adsorbent material.
Changes in the properties of the adsorbent were confirmed. Changes in the physicochemical properties of the
adsorbed material according to the calcination temperature, from 400 to 800°C, were confirmed. In addition,
it was confirmed that a molded body with 15 wt% inorganic binder and 4 wt% reinforcing agent had a specific
surface area of about 87 m?/g and a strength of 4.63 N. The prepared molded article could adsorb about 0.41
mmol/g of CO, at atmospheric pressure, confirming its potential use as a CO, adsorbent.
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Table 1. Physiochemical properties of prepared magnesium silicate

<A 588 A A 60 A3F (2022 39Y)

Sample : Chemical composition(%o) Surface Area Pore Vg)lume Pore Size
SiO, MgO Na,O SO; (m?/g) (em’/g) (A)
Magnesium silicate ~ 76.17 17.74 3.02 240 214.87 0.4305 80.15
Table 2. Mixing ratio of magnesium silicate
W% 4A1 6A1 8A1 6B1 6C2 6D1 6D3 6D4
Magnesium silicate 100 100 100 100 100 100 100 100
Clay 11 11 11 15 19 15 15 15
PVA(Polyvinyl-Alcohol) 20 20 20 20 20 20 20 20
Glass fiber(300 pm) 8 8 8 8 4 12 16
Sintering Temp.(°C) 400 600 800 600 600 600 600 600
= s Aol AAEH o] Aol e 7l ZIAFAZE, F71EEA clay(DAEJUNG Chemical.Co.Ltd,
& PN F1ATAI BRI E A F 53 F4 Korea)t BAAIE 300 pm ©U=7]e] WA RDO] oags
S FAIsRE 9e ket A gl S2AI9F 22s  fiber(Milled Fiber Glass, Korea)S A28t &2 A 3A
ozx AP AEE AT HFHORE dsk= ¥ & AT Magnesium silicate] F71A9A ¥
S Ae AL mokEn [5,7]. B8 343 AN 2 & 11~19wit%Z A7 Z, BAA] B3 4~16 wi%Z TR
T AAo] Fad, A 2uE U WA A4S A+ slel] £Felen, £9E AlES 80°ColA 24 hr
ZAGATE SES] AARA ot 712 AN e 23 H, 2488 AA BIAE AL, A4 AE4
M, U =& 25 A A 98 9 A7 71E e & 20 YeEhisIch
FAe] Ao ofsf vl A]o] FolE & W] wEe] ¥ A A 2] Afold mE &g 38HE B4 Aol
AE AA o] FHETE Holmd F U} [7-8]. 22 7)o ERIsH] flsl] &4 *=EF 400 °C, 600 °C, 800 °C=E #
FEst Aot guEe FrIASA 2R Hrkl wh srzlen, o] dim HA] 4 s AT H T
2t FEAZE 7 Bla o] #istE o] 7149, B 71 ATA BAAe] S vEAl st WstEE %
ZA ] wigHer ARt 24 2E Ze AL degolry. sk SAS RISl viei|ef &4 2ol wE
B Aol M= magnesium silicateS SERA|Z o] g3 o] A WHIE Ay fld) A5 v‘i"ﬁ](TGA/DSC
Al, magnesium silicate®] FHsHE 918 F7IAFA} B 3+, Switzerland)yS X3Y5HA M, ]E Z(NOVA 2000e,
Al A wjeh] S sl en, o] gl America) 415 Foll =29 WA 7]Fe] ®HsE
2HEN E4e FAE F e 4 255 54 gelstlnr. =3 vA Fx qu}e wZstr] 9lsf

%)
g AFES st g HEE AxE A=
%% $417](Thermo Gravimetric Analysis(TGA)), H]3%
2 Z77](Brunauer-Emmett-Teller(BET)), FAFIAI& 1]
(Scanning Electron Microscope(SEM)yS- ©]&-3te] H3lg]
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B A4 AFE-3F magnesium silicate(Giant Chemical.
Co. Ltd, Korea)= SiO,7} 76.17%, MgO7} 17.74%=
214 542 £ 13 2o, o8 98=4=E 31 poly
vinyl alcohol(DAEJUNG Chemical.Co.Ltd, Korea)S

SEM(SU8020, Japan) #2412 zIg&tict. zF wighd = A
z8 AgAe ﬁ%u%@?‘ﬁﬂwEXT—osmBo MINO,
Korea)& ARS-3te] Hl el qE39 o, =4 Al
He| Zee 9AUEAE7](DS2 OPTECH, China)s 5-3)
PSS SAsIA HEH o2 M| A= 80°C
of| A 4A]7F o]4F HA 2] $, 3 flex adsorption analyzer
(micromeritics, US)E ©]-8-3}od =2(25 °C)ellA Aot
(P/PO) WE CO, §2%F HZEEE sty CO, 52
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Fig. 1. Result of TGA curves :
Additives.

(A) Reference ratio Al and (B)

Al Wige g F3 AYAE ALk
TGA A& 298 1A YERNRITE TGA A4=
100 °C7HA] H,09] U= Q8] oF 18%°] ZaF 7avt
=, oF 350 °)C7A] AAGe] St 1A A2 A
22 s F4% A 7AE Bt [7-9]. E3
350~600 °C Afolol|A] 2F 9%o] A 7HA4a7) A3 L

ts=dl, ol 350°C olske] 2&ollA AAEA] &2 7]
A7 2% & = AT [9]. wEbA 400 °C ©)3HE
2 REE AT A A71AgATE s AAEA
ool 71E 58S ZJ&]?]% A A 5 Q) (8-

9]. AA 7+ A7 TAG A3E Ueid 28 1(B)E

B 600 °Colske] 2 01]*1 2ol 71 A7 A A
S el 4 ik T3 400 °CollA] /\A-l/\] 4A19)
74§ AE 2 vehla, 6A19} 8A19] - Bl

Hol=d], o|¢} 72 A Wske {714 EWH =

of gk Ae= FHA 2 Tt U]/‘ﬂ:ﬁzg FH A A]
7= “GH247(black coring)@ 22t & 4= St} [20]. 2™
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Table 3. BET results according to sintering temperature

4A1 6A1 8Al
Surface Area(m?%g) 194.20 83.24 1.91
Pore Volume(cm?®/g) 0.3539 0.2831 0.0051
Pore Size(A) 72.89 136.04 105.75
19] TGA &4

A= GRlgk A7} o] 400 °CE F-2o]
A delgld 71459 g L= 5
of et AAgSZA Ago] Wsist AoZ FETh A&
A e Bl F7EEDE A3 fUES0] diEEA
TS FAdstar, APA Y 2F dde] wAs)

A7 dAlset ds] WakEo] AAEERE 2o 7|

A 250 wE H|EHA Y 7]F Fojo] HelE ®
of Jeplilem™ # 1°)A] magnesium silicate®] H]—L@X—q;

2 214.87 m¥g, 1% HulE 04305 cm’/g, 718 2717}
80.15A%S 1T = Utk F 32 HW 400°CE 24
3 4A12 19420 m2/g°ﬂ/\1 600 °CZ 243k 6A19] 73
83.24 m¥/go 2 WhEl A, 800 °CE 243 8AIL
191 m¥go 2 &4 2&=7F Foldss vgH A o] §24¢]
g Ag SRIT AUk 71Fe 71 94 4A19] 7
$ 03539 cm¥/gollA 6A1E 02831 cm’/g®E F7He] T
7b defd H 8AlAE 0.0051 em’/g® FAE] A
1S A ik 28y 7 3714 3% 6Al1°] 7t
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Fig. 2. SEM images of magnesium silicate according to sintering
temperature : (A) 4A1, (B) 6A1 and (C) 8Al.
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Fig. 3. Strength test results according to sintering temperature.
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Table 4. BET results according to the contents of clay and glass fiber

o gh=4 - A 5318 A] A60H A|3E (2022 39)
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Fig. 4. Result of TGA curves for clay contents.
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Magnesium silicateE F2HA|Z 43}s) 9
af F71ARA S} tEe] AEs AT F U= |
7V HAsE A5 skt F7IEAFAL claye W
S FWA(700~800 m¥/g) E]
o2 <3l FEFAEH &8 o7t golste] 71414, &
A gdo] Fukeithe AL oln] # d#HA Ut [7-8,

o =] FHE= 4RE St
=% AdA, W8, Wad

Clay?] S 11 wt%, 15 wit%, 19 wt%z H3}A71 A
5 AFsien, 7+ MEe 44 AsS 19 49 et
WAt Clay 15 wt%E AH&3H 6B19F 19 wi%®] 6C2=
11 wi%E ARE-SF 6A13} FAFSE siEle] A 7HAE Hol
u, clay®] o]l S71EEE ARt £2 A7 vEhdt
<, ol clay’t &0 o]Fdhe 4EE AFdste] H09]
S8 f71AEAY AaE WElish] Wil [11]. &
49] clay gl W 7|FEAAS AHEYH clay 3ol
Z7VE4E claye] JFo R HIFEHZS 83.24 m¥gol A
93.52 m¥g= &% F7ksht 7]ee] Fuleh Ar]e Fas)
Atk =3 28 6(A)] clay FHEe] SUHEEE AlEC

6A1 6B1 6C2 6D1 6D3 6D4

Surface Area(m?¥/g) 83.24 87.15 93.52 87.27 64.38 60.98
Pore Volume(cm®/g) 0.2831 0.2805 0.2746 0.34 0.1501 0.1402
Pore Size(A) 136.04 128.74 117.46 127.12 127.78 126.01
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Fig. 5. Pictures of making pellets using an extruder : (A) Clay 11 wt%, (B) Clay 15 wt% and (C) Clay 19 wt%.
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Fig. 6. Strength test results according to contents of clay and glass fiber : (A) Clay, (b) Glass fiber.

THIE =gk B 298 NolA] 5.03 N2 °F 40% &

7Vslsith. 18y clay $Hegol 57}%L‘/F§ a9 58} 7ol

22 T A5AY DY HIE 27RE FlE
Claye =553 7I24de 7HAe 7heEdelE

[Al(S1205)(OH)4] TZ2 450~700 °Col A uﬂE}ﬂiﬂ
(ALSL,06)°] BR=HA AT AAR =], olnf &
o] TASt) Clayel 22 7H43e A= AlEES 01
W PaF B BgS 4A @ik Adslele] AEE
WEsA ot [14-15]. AFAE AR o) 2437
7Vehe AL AFRE WdsH she AEst BAE Fo
7] 28k Aol ¢x}7F XU} e FHA LR 93
Eﬁlﬂr?ﬂﬂ 45&3}1 o] 3 YAkl =71 wH g}
AesHA oktﬂ ddee] vgArE Fagh,
53 AA o] HPAF G clay’t tiRlE=E A
Hoh ity oz QA AN 29 70%
0% EFAE o] SARES FP9T &
o -ATE 30% 7kl YRS HH qE
Hgol 29 AlelE F QY HA 58 IS F l
oA AdstE 4T F At [15] et 52 A
™

rulo
b Ay ml

To —
FAZ AT Al clay $3S T S Fd §F
%75:_1-/] ]% 73;7]‘ Z]—L%E]»v‘: L_do] M];]_ :‘2;;7] ] E

FAHAE Al ORE clay TS 15 wt%E A8 B
A glass fibere] TFS 4~16 wi%z Glste] AZL
AZsta v g HelE 1T [26-27].

Glass fiber= FEl9EE 1,500~1,600 °C2] 204 &
§ WAl 42 AR FEHe FUER EAEE Bl
AR, ANt fEl7h 7= FEA, 8 9 UloREd
3 A 0-4 ExJol FaA (flexibility), 71H-2-(lightness of
weight), 4% S/4%RF opg} ok W Eo| A A
of AFA 5AE Tt} [16]. Glass fiber o] 5
Ne4E JYA7} e HERA] 87 mYedlH 60.98

m¥gZ, 713537} 0.34 m¥/golA 0.14 m¥g7HA] 73231
o, 71FA7E 126~128 AR AR 24 ole
24 el glass fibere] o] Z71aHE 43 A7} 7}
Ae 7155 e Zo= A 127 79 SEM ARIS:
SalM= Bklo] 7hssitt. B8k Glass fibere] FHgo] 5
71ErE AAES AR G0 A= F7F 84 ZHEst
3, Zd=ZEe] 447 NollA 7.52 N7HA] Z715FAT). Glass
fiberd] 7 AgA] 7t SR A] fibero] €9
7}l (bridging)d &S sle] FEZFo| FrtsRs S oAt
o jJrJﬂE AANANA Bk, 2 88 B A 27
TEL glass fiberd] FIFET} JFA o] 54l we}t 23
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Fig. 7. SEM images of magnesium silicate with glass fiber added.

Fig. 8. The role of glass fiber inside the molded body.
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=34 94, FHH & 7197 HuN F dEE %
sl ==t olw) #dF #+E AbolollA glass fibere] 7t
oGS sl FIE AAAG [17-18]. 2E 70
glass fiber®] o] S7Hd5 JBA AA Abo] 7k

7h BolA AE7E SRl Hle Aotk

oF 87m¥g®] MIEWAF 463N9 ZEZS Hol=
6B1 43A digt Cco, §3 HZEE Psigion,
25°C ti718ellA ¢F 0.41 mmol/ge] CO, F&HS Hol=

AL I ole TY A Zeohte-J COo, 5%
(0.27~0.48 mmol/g)Z A XA ], magnesium
silicate, zeolite®} 742 1A S2HAl= EAe= th=2A 1
Al71go] daE o] A 7] el A9 FRTIHL
2 COE TR AgHo= COE F&k= 40l
we BAdo] wyEy gt 11920}, a2} zeolitest
H g Al AYES flal H7HE 77137117 CO, 532

A60H A3ZE (2022 39)
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