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Manufacture and investigate a few properties of carbon-dioxide-absorbing material

Db Binh Trung'”, Nguyén Ngoc Tué?, Hd Ngoc Minh?

Vién B bén Nhigt ddi, Trung tém Nhiét ddi Viét - Nga.
2Vién Ky thudt Héa hoc, Dai hoc Bach Khoa Ha Noi.

3Viégn Héa hoc - Vat liéu, Vién Khoa hoc - Céng nghé quan su.

*Email: trungdodinh@ mail.ru

ARTICLE INFO ABSTRACT

Received: 29/9/2021
Accepted: 15/10/2021
Publied: 20/10/2021

Keywords:

CO2 absorption, absorbent particles,
caldum  hydroxide,  submarine
atmosphere

Absorbing carbon dioxide by porous solid material is one of the most
effective methods aiming to treat, cut down carbon dioxide emission,
solving dimate change that is occurring globally. The paper presents
the result of manufacturing carbon dioxide-absorbing particles based
on calcium hydroxide as main material and other components (silica,
calcium oxide, lithium chloride, ethyl violet indicator, etc). Manufactured
material has specific surface area of 15597 m?/g, pH of the extract is
1198, CO2 absorbing capacity reaches 160 liters/kg, has ability of

changing color from white to dark violet when the particles are
saturated with COa.

Gidi thiéu chung

Hiéu ng nha kinh va tinh trang bién déi khi hau tur khi
thai carbon dioxide dang dién ra trén toan cau. XU ly
lugng khi thai carbon dioxide (CO2) phéat sinh tUr cac
nganh cdng nghiép, cac nha may,.. dang la van dé
dugc thé gigi quan tam gidi quyét [1, 2]. Béi vdi cac
thiét bi lan, viéc thu gom va xtr ly lugng khi carbon
dioxide (tU hai thd thdy thd, khi thdi dong ca cong suat
nhoé va binh ac quy,...) trong khéng gian séng lai cang
trd nén cap thiét hon, quyét dinh sinh mang doi vdi
cac thly thd hoat dong trong moi trudng do [3]. Hién
nay, giai phap hitu hiéu dé xir ly khi CO2 la phuong
phap hdp phu trén cac vat liéu xdp trén g s3 zeolite,
6ng nano carbon [4, 5, 6, 7]. Tac gid Dao S. D. va cdng
su [6] d& st dung vat liéu silica x8p dugctam hdn hap
tetraethylenepentamine (TEPA)/diethanolamine (DEA)
dé tang cudng tinh chét hdp phu/khit hdp phu COo2.
Vét liéu ché tao vdi 40 % khéi lugng TEPA va 30 %

kndi lugng DEA cho kha nang hép phu CO2 t6t nhat la
591 mmol/g & diéu kién nhiét d6 50 °C, ap suat 100
kPa va nhiét hdp phu 80 kl/mol. Nhém tac giad [8] da
phéat trién vat liéu hdp thu khi CO2 & nhiét dé cao trén
G s& calcdum oxide mang trén gém (alumina va yttria).
V@i vat liu chira 23 % khéi lugng calcium oxide, mic
dd carbonate hda dat 75 % trong 13 chu ky khi nung
nhe & nhiét d6 750 °C. Béivaivat liéu hap thu khi CO 2
st dung cho céc thiét bi 1an, doi hoi tiéu chudn nghiém
ngat, st dung thuan tién (d& dang nhan biét khi loai
vat liéu nay chuyén sang mau tim khi dat trang thai
hap thu bdo hoa khi CO2, dé dang bao quan dé giam
thiéu tinh hat 8m). BE dam bao tinh an toan, nang cao
dé tin cay khi s&t dung theo chi dinh clia nha san xuét,
Viét Nam hién dang sU dung hat hdp thu khi CO2
trong cac thiét bj lan chd yéu dugc nhap khdu tir LB
Nga.

Trén thj trudng hién nay tontai mot sé vatliéu hap thu
khi CO2 v&i cac tén thuong mai nhu: Amsorb Plus,
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Sodasorb LF, Litholyme, Medisorb, Dragersorb Free,...
Ching dugc st dung v&i muc dich lam sach lugng khi
thai CO2 trong cac phong mé vy té [9].

Thyc nghiém va phuong phap nghién cdu
Nguyén lidu, héa chdt

Silica SiO2 99,8 % (AR, Sigma-Aldrich); Ca(OH)2 99,9 %
(AR, Merck); CaO (AR, Merck); LiCl (AR, Merck); chi thi
mau ethyl violet (AR, Sigma-Aldrich); acetone (AR,
Xilong Trung Qudo); Ethanol 99,7% (Viét Nam); nudc
cat 11an (Viét Nam).

Phuang phdp ché tao

Thanh phéan (phan khéi lugng) cac nguyén liéu dugc
lua chon la: SiO2/Ca(OH)2/CaQ/LiCl = 17/75/5/3. Can
cac nguyén liéu, nghién va trén kin trong c6i s (tranh
ti€p xdc v&i moi trucng chira khi CO2) dén dong déu.
BS sung dung dich (1 % ethyl violet trong cén 99,7%
ethanol) vao c6i nghién hdn hop, tron déu dé tao ra
hén hop bét nhdo déng nhat. SU dung may ép dun
(dudng kinh cac 16: 4,0 + 0,5 mm) dé ép gian doan
hén hap dé tao cac hat hinh tru tron vdi chiéu cao tir 5
dén 10 mm. Hat tao thanh dugc sdy chan khong trong
moi truding khi tra N2 dé thu san phadm (hat DCA.VH).

Phuang phdp phdn tich
Xdc dinh dé dam

D6 dm (W) clia hat san phdm DCAVH dugc xéc dinh
theo TCVN 7572-7:2006, tinh bang phan trdam khéi

lugng theo cong thuc sau:

W MM g

i Q)
Trong dé: mi la khéi lugng mau thlr trudc khi sdy kho,
tinh bang gam (g);

mz 1a khéi lugng mau thir sau khi sdy kho, tinh bang
gam(g).

Xdc dinh pH cta dung dich chiét

pH cla dung dich chiét dugc xac dinh theo TCVN
7422:2007 (1SO 3071: 2005).

Xdc dinh dién tich bé mdt riéng cta vt liéu

Dién tich bé mat riéng cla vét liéu ché tao dugc do
bang phuong phap hdp phu dang nhiét nitg theo
phuong trinh BET (Brunauer-Emmet-Teller) trén thiét bj
Gemini VIl 2390 clla héng Micromeritics Instrument
(My).

Xdc dinh dung lugng hdp thu khi CO2

Dung lugng hédp thu khi CO2 cla hat hdp thy DCAVH
dugc xac dinh theo sG dd Hinh 1. Khi carbon dioxide
dugcduavao tu binh (1), qua luulugng k€ (2) dé vao
binh chra (3). H6n hap khi carbon dioxide va khong
khi trong binh chita dugc dua qua bom (4) va thdiqua
hép chra hat hdp thu khi carbon dioxide (6). Tai bd
kh(r khi (6), carbon dioxide dugc hdp thu bdi cac hat
hdp thu DCAVH lam nbéng dé carbon dioxide trong
hén hap khi giam. Hon hap khi dugc tudn hoan trd lai
binh cha (3). Nong dé khi carbon dioxide trong binh
(3) dugc do bang sensor cdm bién (5). Tin hiéu sensor
dugctinh toén tai bo chuyén déi (7) va hién thj két qua
do ndng do khi carbon dioxide trén méy tinh (8). Sau
mot thai gian tudn hoan, khi carbon dioxide c6 thé bi
bd khr (6) hdp thu hét, khi dé tiép tuc bS sung khi
carbon dioxide théng qua van (9). Nong dé khi carbon
dioxide dugc cdm bién (5) ghi nhan cho phép tinh toan
chinh xac khd nang hép thu khi carbon dioxide. Van xa
(10) dugc st dung dé xa toan bo lugng khi du trong hé
théng sau khi két thiic qué trinh do dac.

H<— 10

—

Hinh 1: Sa do thiét bi xac dinh dung lugng hép thu khi carbon dioxide
1: Binh khi carbon dioxide; 2: Luulugng ké&; 3: Binh do khi; 4: BGm tuan hoan; 5: Sensor do khi carbon dioxide;
6: HOp hép thu khi carbon dioxide; 7: B& bién dditin hiéu; 8: May tinh; 9, 10: Van khi.
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K&t qua va thao luan

Anh huéng caa nhiét db va thdi gian sdy dén dé dm
sdn phdm

Kiém soat dé &m la yéu t6 quan trong, quyét dinh dén
cd tinh, cling nhu dam béo chét lugng san phém trong
suét qué trinh bao quén va khi st dung hédp thu khi
COa.

Trong qué trinh ché tao hat hdp thu khi CO2, d6 &m
cla san phdm phu thudc nhiéu vao nhiét dé va thai
gian sdy. Khdo sat anh hudng nay dudgc tién hanh nhu
sau:

- Qué trinh sdy da s dung khi trg N2 va quat hdt chan
khong.

- D€ khdo sat anh hudng cla nhiét d6 sdy dén dé &m
clia san pham, da tién hanh sdy trong thai gian 8 gis &
cac nhiét dé 45 °C, 50 °C, 55 °C va 60 °C. Anh hudng
dugcduara trong Hinh 2.

25 1 22,21

20 16,31
Ri1s 1337 1354
5
« 10
[~]

0

45 50 55 60
Nhiét d6, °C

Hinh 2: Anh hudng clia nhiét d6 sdy dén dé 4m san
pham (thdigian séy la 8 gid)

Két qua cho thdy, khi sdy tai nhiét d6 45 °C, 50 °C, 55
°C va 60 °Clam t6c do6 thoat hainudc tang 1én nén dé
am nhanh chéng dat & muc 13,37 % khi sdy 355 °C va
gidm cham xuéng con 12,54 % khi sdy & 60 °C. Viéc
duy tri d6 &m tir 10 % dén 15 % cho vatliéu hap thu khi
CO2 ddmbéo vé chét lugng sir dung va dé bén catinh
cla san pham. V& tinh hiéu quéa va kinh té khi s&t dung
nang lugng sdy, chon nhiét do sdy & 55 °C la thich
hop.

- D€ khao sat anh hudng cla thai gian sdy dén dé &m
san phdm, nhiét d6 sdy dudc lua chon la 55 °C, thdi
gian sdy la 4 gid, 6 gig, 8 gig, 10giG va 12 gis.

K&t qud trén Hinh 3 cho thay, khi tdng thoi gian sdy
lam d6 dm gidm nhanh khi sdy tr 4 giG dén 8 gid. D6
am gidam cham lai tUr 13,37 % xuéng con 11,88 % khi

tdng thoi gian sdy tur 8 gig dén 12 gis. Do do, chon
thai gian sdy phu hop la 10 gic.

25 22,01

20 16,32
15 - 13,37 12,91 12,21
. I I I
0 |
4 6 8 10 12

Thevi gian sdy, gio

Do am, %
un

Hinh 3: Anh hudng clia thai gian sdy dén do 4m san
ph&m (nhiét do sdy la 55 °C)

Nhu vay, sén phdm ché tao (DCA.VH) & nhiét dé séy la
55 °C trong thai gian 10 gi¢ dat dé dm 12,91 % duagc
Iuta chon dé tién hanh cac khao sattiép theo.

Dién tich bé mdt caa vdt liéu

Dién tich bé mat riéng dugc do bang bang phuong
phép BET trén thiét bi Micrometrics Gemini VII, x{ ly
nhiét & diéu kién moi trudng. Dién tich bé mat riéng
clia mau vatliéu DCAVH dat gia tri 15,597 m2/g.

pH dung dich chiét

pH cla sdn phdm ché tao phan anh sy 6n dinh tinh
chét clia cac hdp phan nguyén liéu day, it bi bién doi
bditac dong clla méi truding, dd dm khong khi,... trong
qué trinh ché tao.

SU dung dung dich dé chiét la nudc khlr ion, dung tay
ldc manh binh d€ mau thdm udt déu, sau dé lac o
hoc trong 2 gig + 5 phit. pH cla dung dich chiét tu
san phdm ché tao DCAVH dudgc xac dinh trén thiét bi
pH/ORP Meter (hdng Hanna instruments). K&t qua
dugcthyc hién 3 [an nhu trong Bang 1 sau:

Bang 1: Gié tri do pH dich chiét san phdm DCA.VH

pH1 pH2  pH3  Trungbinh

GidtripH 11,98 12,06 11,89 11,98

Dung lugng hdp thu khi CO2

Trong khdo sat da st dung 1,0 g vat liéu hap thu
(DCAVH) hép thu b&o hoa khi CO2, véi nbng dé khi
CO2 trong hén hap 1a 5 % (hdn hap khi gdm 95 % N2
va5 % CO2).
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Lugng hdn hop khi d& st dung trong khao sat trén 13
3,2 lit. Nhu vay, lugng khi CO2 bi hdp thu bdi1,0kg vat
liéu hap thu DCAVH la:
_32x005
Wie = Tox10-s -~ 160 Clkg)

\E

Hinh 4: Do thi biéu dién mic d6 hap thu khi CO2 theo
thai gian
Hinh 4 cho thdy, sau thai gian 3000 gidy (50 phut),
lugng khi bi hdp thu rét it thay doi, do da hdp thu gan
b&o hoa lugng khi CO2 trong hén hap.

Kha ndng chuyén mau cta vat liéu

3500

Quan sat bang mat thudng cho thdy, khi hat hap thu
DCAVH d& hédp thu b&o hoa CO2 thi hat chuyén sang
mau tim s&m. Thuc nghiém dugc thuc hién trong thdi
gian khodng 6 thang khi dat hat hdp thu & moi trudng
ty nhién, nhiét d6 thudng. Hinh 5 1a su thay d&i mau
cla hat hdp thu DCAVH trudc va sau khi hdp thu bao
hoa khi CO2.

a) Hat trudc hdp thuy

b) Hat sau khi d& hép thu
bdo hoa khi CO2

Hinh 5: Su chuyén mau sau thai gian hdp thu khi CO2

So véi mét s sédn phdm hédp thu khi CO2 clia cac hdng
thuang mai, san pham ché tao (DCA.VH) c6 mot s6 chi
tiéu tuong dudng nhu trong Bang 2 dudiday.

Bang 2: Mot s6 déac tinh clia vat liéu hdp thu khi CO2 trén thi trudng

Amsorb Plus  Sodasorb LF Litholyme Medisorb DCAVH
pH dich chiét 112 12,20 12,31 12,47 11,98
Dung lugng hép thu khi CO2, I/kg 125 120 169 150 160
Mau sac thay déikhi st dung Trang sang Trang sang Trang sang Trang sang  Trang sang
tim nhat tim nhat tim tim nhat tim sam

K&t luan

Palya chon dugcché dé say hat & diéu kién thich hgp
v3i nhiét dé 55 °C va thai gian 10 gi¢ dé thu dugc san
phédm hat hdp thu DCAVH dat d6 &m 12,91 %. San
phdm hat hdp thu khi CO2 c6 dién tich bé mat riéng 1a
15,597 m?/g, pH dich chiét 1a11,98, dung lugng hép thu
khi CO2 1a 160 I/kg, vat liéu chuyén sang mau tim sam
khi dattrang thai hdp thu bdo hoa khi COo.

L&i cdm on

Tap thé tac gia chan thanh cdm on Vién Hoa hoc - Vat
liéu/Vién Khoa hoc va Coéng nghé quan su, Vién B6
bén Nhiét d&i/Trung tam Nhiét ddi Viét - Nga va Vién
Vat ly/ViénHan lam Khoa hoc va Cong nghé Viét Nam

da hd trg kinh phi, tién hanh cac phép do trén cac
trang thiét biclia donvi dé thuc hién nghién clru nay .
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