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NGHIEN CUU KHA NANG HAP PHU HOI BENZEN TRONG
KHONG KHi CUA THAN HOAT TiNH TRA BAC
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Nguyén Pinh Duong, Nguyén Ngoc Son, Pham Tuan Anh

Tém tit: Than hoat tinh Tra Bdc sir dung trong nghién cieu duoc nghzen nho, lva
chon kich thuée 0,5 + 1 mm, sau do xir Iy kiém va axit truée khi tién hanh khdo sat
kha nang hap phu hoi benzen trong khong khi. Két qua khao sdt kha nang hdp phu
benzen ¢ nong do thap tir 20 + 40 ppmv cho hiéu qud cao, phit hop dé sir dung lam
vét liu hdp phu vmg dung trong cdc qud trinh hdp phu thu déng tai cdc kho, xuong
san xudt VKTBKT qudn su.

Tuw khoa: Than hoat tinh, Benzen, Hz‘ip phu.
1. PAT VAN DE

Than hoat tinh 1a mdt trong nhiing vét liéu truyén thong dugc tmg dung trong hép
phu mui, hoi hiru co c6 trong khong khi [1-3]. Pé xac dinh diéu kién tdi wu trong
qué trinh hap phu hoi benzen & cic khoang nong do dau vao khac nhau nham dat
hiéu qua cao trong qua trinh hap phu hoi hitu co cua than hoat tinh con phy thude
nhiéu cac yéu to nhu thiét bi hap phu, tbc do dong khi, nhiét do,... Ngoai ra, viéc
nghién ctru Iyra chon md hinh toan hoc tmg dung cho qua trinh hap phu 13 mot trong
nhitng diéu kién bat budc dé nang cao kha ning dp dung mo hinh nay véo trong thuc
té [5]. Két qua nghién ctru cua nhom tac gia M.A Lillo-Rosdenas ndm 2015, nghién
ctru kha nang hap phu hop chit hiru co dé bay hoi (VOCs) nhu benzen va toluen &
nong do thap cho thiy véi kich thudc 16 x6p micro cua than nhé hon 0,7 nm; nong
d6 VOC ban dau 200 ppmv thi dung luong hap phu cta than hoat tinh dbi voi
benzen dat 34g/100g va toluen 1a 64g/100g [6].

Tai Viét Nam, viéc su dung than hoat tinh trong linh vuc xur Iy moi truong da ap
dung ¢ nhiéu quy mé khac nhau. Tuy nhién, cac két qua cong bd vé linh vuc niy chi
yéu 1a sir dung than hoat tinh trong xir 1y nudc, cac két qua cong bd trong xir 1y khi
va didc biét trong xtr Iy VOCs van con it cac nghién ctru duoc cong bd. Mot trong
nhitng két qua nghién ctru dugc cong bd trong linh vuc ndy nhu nghién ciru anh
huong cia kich thudc hat dén qua trinh hdp phu benzen cta than hoat tinh bang
phuong phap can Macbell [4]. Vi vdy, viéc nghién ciru cac yéu td anh huong va xac
dinh dung luong hip phu can bang dong tai cac diéu kién cu thé khi hap phu VOCs
ciia THT c6 ¥ nghia 16n cho viéc xdy dung cdc md hinh hip phu VOCs cua THT
trong thyc té.

Bai bao dwa ra mo hinh hip phu hoi benzen trén cot va két qua nghién ctru anh
huéng cta nhiét d6, nong d6 dau clia benzen dén kha ning hap phu ctia THT, ciing
nhu danh gia dung lugng hip phu can bang dong cua THT tai diéu kién khao sat.

2. PHUONG PHAP NGHIEN CUU
2.1. Hoa chit - thiét bi
2.1.1. Hod chat

- Chét hép phu: than hoat tinh tra bac (THT).
- Hoa chat phan tich: HCI, NaOH, axetonitril, dung méi, dung dich d¢m dung
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trong séc ky 1ong hiéu ning cao.
2.1.2. Thiét bi

- Céc thiét bj phan tich cong cu: phd hong ngoai FTIR (Nicolet Impact 410 M),
SEM (JED - 2300 hing JEOL Nhat Ban), thiét bi do dién tich bé mit riéng BET
(Tristar 3000 - Micromeritics My).

- Hé théng thiét b sic ky 1ong hiéu ning cao (HPLC) Model HP 1100, st dung
detector chudi (DAD), hing Agigent (M¥).

- Thiét bi hap phu dung méi hitu co d& bay hoi dung trong phong thi nghiém. So
dd cau tao thiét bi dugce cho béi hinh 1 dudi.

2.2. Phwong phap nghién ctru
2.2.1. Phwong phdp phdn tich danh gid tinh chat ddc trung cia vt liéu hap phu

Than hoat tinh Tra Bic duoc rira sach bang nudc cat, séy kho, nghién, léy kich
thudc hat 0,5 + 1 mm, sau d6 xir 1y loai bo cic tap chit bang cach ngam lan luot
trong cac dung dich NaOH, dung dich HCl va rua sach bang nudc cat dén pH trung
tinh, dé rao nudc va say kho.

MAu THT sau khi duoc 1am sach, tién hanh danh gia tinh chat dic trung bang
cac phuong phap phan tich nhu phd hdng ngoai, SEM va xac dinh dién tich bé
mat riéng.

2.2.2. Khdo sat kha nang hdp phu hoi benzen ciia than hoat tinh Tra Bdc

* Chudn bi c6t hdp phu: can 0,5 g¢ THT sau d6 duoc nhdi vao cot hap phu
duong kinh 0,8 cm. BJ dai cot sau khi nhdi tr 1,5 + 1,6 cm; 16p vat li¢u sau khi
nhoi cot duge cb dinh hai dau boi bong thiy tinh, va duoc lap vao bén trong budng
bao 6n nhu tai hinh 1.

* Phuwong phap danh gia ham lwong benzen [7, 8]:

Ham lugng cia benzen trudce va sau khi hip phu duge xac dinh thong qua viée
xac dinh ham luong benzen co trong dung dich hip phu (Axetonitril:nuée = 1:1)
bang phuong phap do sic ky 1ong hiéu ning cao HPLC - Model HP 1100, sir dung
detector chudi (DAD), cot C18-Zobax véi cac diéu kién: Pha dong Axetonitril :
nude ty 1€ 50:50 % W; 0,005 % HiPO4; 0,1 % HClOy; tde do dong: 1,0 ml/phut;
Amax: 275 nm; nhiét ¢ 1am lanh trong hé bom mau 4 °C; thoi gian luu mau: 3 phut.

* Khao sdt kha nang hap phu hoi benzen

Pé danh gia kha ning tao hoi ctia benzen, thuc hién khao sat hap phu khong vat
liéu: cho hoi benzen chay qua cdt hép phu khong chira vat liéu, qua trinh khao sat
duoc thuc hién & nhiét d6 30+50 °C véi tc do dong khi 0,3 lit/phut (tdc do dong
khong khi kho:tdc do dong khi mang = 0,15:0,15) va ¢ toc d6 dong khi khac nhau
tu 0,15 + 0,7 lit/phat.

Dé danh gia kha nang hip phu hoi benzen cua THT, tién hanh khéo sat anh
hudng cia nhiét d6 va ham luong dau cia benzen dén kha niang hap phy cia THT
thong qua xdy dung duong cong tich lily ctia cac vat li¢u khao sat.

Luogng hoi benzen hap phu trén cot theo thoi gian duge tinh bang cong thic:

m = mg — My (mg)
Trong d6: mp: khdi luong hoi benzen tai dau vao cot vat liéu
m,: khoi luong hoi benzen dau ra cot hap vat liéu
Dung lugng hip phu hoi benzen cua vat liéu dugc tinh bang cong thirc:
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Hinh 1. So dé thiét bi hdp phu hoi benzen.
3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Két qua danh gia tinh chét dic trung ciia THT
* Két qud chup anh SEM ciia médu THT

Binh chtra dung dich
hip thu hoi benzen

|MS-NKL x5.00k SEQM,LAQ) ST 0 ourfll IMS-NKL x50k SEM)

Hinh 2. Anh SEM ciia mau THT.

Tur két qua chup anh SEM cua vat liéu than hoat tinh véi cac do phong dai khac
nhau cho thiy bé mit cac hat khong dong nhit, cac hat phan bb kém ddng déu,

Dé danh gia thém tinh chit ctia bé mit than hoat tinh, tién hanh xac dinh sy co
mit cta cac nhom chirc trén bé mit vat lidu bang phuong phap do phd hong ngoai
cho tai hinh 3 sau:

* Két qua i phan tich phé hong ngogi ctia méu THT

Két qua phd hong ngoai cho thiy trén bé mit than c¢6 su ton tai clia cac pic voi
s6 song lan luot dic tru’ng cho cac lién két sau: - O- H (3442 cm'l) C=C (1630

m™), - C-O (1072 cm™). Trong do6, cudng do pic tai sé song 3442 cm™ dic trung
cho lién két - O-H kh4 16n diéu dé cho thay vat liéu nay co tinh ua nude. Theo két
qua nghién ctru cia nhom tac Frédéric Delage, nghién clru anh hudng ciia ham lugng

156 N.T. Huwong, ..., P. T. Anh, “Nghién citu khd néng hép phu... than hoat tinh Tra Bic.”



Nghién ciru khoa hoc cong nghé

am dén qua trinh hap phu VOCs cua cacbon hoat tinh cho ’théy voi ham lugng am
trong khong khi tir 0-95% thi khong anh hudng nhiéu dén dung lugng hap phu
VOCs cua than hoat tinh [9].
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Hinh 3. Phé hong ngoai ciia mau THT.
* Két qud phan tich dién tich bé mdt riéng ciia THT
Dé danh gia dic trung vé dién tich bé mit cia THT va kich thude 16 xdp st
dung phuong phap do BET hap phu khi N,. Pudng hap phu diang nhiét cua N,
duogc xac dinh ¢ ving 4p suét twong dbi tir 0 - 1 at va 6 nhiét do 77,35 K. Dién tich
bé mit duoc xac dinh tir 46 thi BET trong vung ap suat twong ddi tir 0 - 0,3 at.
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Hinh 4. Puong hdp phu - gidi hap phu nito ciia mau THT.

Tir két qua cho tai hinh 3.3 cho thdy dudng ding nhiét hap phu - giai hip phu
nito ctia THT c¢6 dang I theo phan loai ciia TUPAC. Trong do, tai ving ap suét thip
P/Py< 0,2 ¢ su ting vot lugng nito bi hdp phy, su ting vot nay la do co sy lap day
cac mao quan si€u nh6 (mao quan < 1 nm), tai vang ap suat 0,2 < P/Py < 0,46
luong nito bi hip phu ting dan khi 4p sudt ting do co sy ngung tu trong cac mao
quan c6 do rong 16n hon 1 nm. Tai vung 0,45 < P/Py < 1,0 luong nito hap phu ting
it va co su xudt hién vong tré nho chimg té c6 lugng nhé mao quan trung binh vai
d6 rong nho trong vt liéu nghién ctru [10, 11]. Qua két qua phan tich cho thy,
phan trim thé tich c6 kich thudc mao quan nho 1én t6i 78 % va dién tich bé mit
riéng cua THT theo BET dat 915,26 m*/g; kich thudc 156 mao quan trung binh 1a
4,6125 nm.
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3.2. Két qua khao sat kha niing hap phu hoi benzen cia THT
3.2.1. Két qua khdo sat kha nang tao hoi benzen
Qua trinh tién hanh héap phu ddi v6i mbi thi nghiém trong thot gian 15 phut, hoi
benzen tao ra dugc hap phy hoan toan vao 10 ml dung dich hap phu.
Bing 1. Nong do benzen trong dung dich hdp phu tai cdc nhiét do khdc nhau.

TT Nhiét @5 ('C) Ham lwong benzen (mg/l)
1 30 12,0990
2 35 17,7734
3 40 30,5244
4 45 40,4367
5 50 52,0990

Tur két qua trép cho théy néng do benzen duogc tao ra tang tinh tiér} theo nhiét

dd, do qua trinh hap phu thu nhiét khi d6 nhiét d¢ cang cao kha nang hap phu cang

tang. Tuy nhién, khi nhiét d hap phu cao thi dung méi hap phu axetonitril:nudc s&
bi bay hoi mot phan vi vy lwa chon thuc hién cac nghién ctru tiép theo & 40°C.

Bdng 2. Ham lwong benzen tai 40 °C 6 luu lwong khi khac nhau.

TT | Luwu luwgng (lit/phut) Ham lwgng benzen (mg)
1 0,15 0,1519
2 0,30 0,4768
3 0,45 0,5191
4 0,60 0,5450
5 0,70 0,5738

) Két qua tai bang 2 cho théy lwong benzen trong dung dich hap phuy ting dan khi
toc d§ dong khi tang dan, tir toc d0 dong khi dat 0,45 lit/phut thi ham luong benzen
thu dugc tang ‘chém. Tu d6 lua cI}Qn luu lugng 0,3 1/phut dé khao sat vat li¢u,
tuong duong nong dd benzen ban dau la 39,4 ppmv.

3.2.2. Két qua khdo sat kha nang hdp phu benzen ciia THT

* Anh hieong ciia nong do dd‘u’dé'n kha nang hap phu benzen cua THT.

Qua trinh thr nghi€ém dugc tién hanh tai 4’0 °C; toe do ‘dc‘)ng khi 1a Q,3 lit/phut;
thoti gian hap phu la 45 phat. Dung luong hap phu can bang tai cac nong d6 ban
dau cta benzen khac nhau cia benzen dugce cho tai bang 3 sau:

Bing 3. Anh hwéng ciia noA‘ng,d.o” benzen ban dau dén
kha nang hap phu benzen cua THT.

TT Nong dé benzen dau vao Dung lwong hip phu cin bang dong
(ppmv) cua THT (mg/g)
21,8 0,7123
25,3 0,7307
3 39,4 0,8590
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Tir két qua cho tai bang 3 ¢ thé thdy rang, khi thay d6i ndng d6 benzen dau
vao trong khoang nong d6 di nghién ciru khong anh huong rd rét dén dung luong
h?ip phu cua vat liéu.

* Anh hwéng ciia nhiét d¢ dén kha nang hap phu benzen ciia THT

Qua trinh thtr nghiém duoc tién hanh tai 40 va 50 OC, thot gian hép phu dugc
khao sat trong khoang tir 5 dén 60 phut, dudng cong tich lily hoi benzen trén THT
duoc cho tai hinh 5 sau:
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Hinh 5. Puong cong tich liiy hoi benzen trén THT ¢ 40 va 50°C.

Tir két qua khao sat cho thay, véi toe do khi 0,3 lit/phit sau khoang 30 phut thi
hé dat can bang hip phu twong duong dung lugng hip phu can bang dong tai 40 va
50 °C lan luot 1 0,8690 va 0,5098 mg/g. Pic biét, dung lwong hip phu can bang
dong thu duogce tai 40 °C 16n hon nhidu so véi tai 50 °C chimg t6 qua trinh hip phu
hoi benzen ctia THT 14 qué trinh hip phu vt Iy.

4. KET LUAN

Than hoat tinh Tra Béc dugc nghién sau do6 dugce xu ly kiém va axit c6 su ton
tai ctia cac pic voi sb song 1an luot dic trung cho cac lién két: - O-H (3442 cm™), -
C=C (1630 cm™), - C-O (1072 cm™") va dién tich bé mit riéng dat 915,26 m*/g;
kich thuéc 16 mao quan nho trung binh 13 4,6125 nm.

Két qua khao sat kha ning hap phu hoi benzen cho thdy, qua trinh hip phy hoi
benzen cua than hoat tinh la qua trinh hép phu vat ly. Dbi véi khoang néng do khao
sat cua benzen nho tu 20 dén 40 ppmv thi thoi gian dat can bang hép phu la 30
phut, téc d6 dong khi 0,3 1it/ phut tai 40 °C thi dung lwong hip phu can bing dong
dat 0,8690 mg/g.
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ABSTRACT

STUDYING ON THE ADSORBABILITY OF BENZENE VAPOUR IN
THE AIR OF THE TRA BAC ACTIVE CARBON

The Tra Bac active carbon was crushed up and selected 0,5 ~ Imm size

particles. Then, these particles were treated by alkali and acid before
studying on the absorbability of benzene vapour in the air. The study results
of the benzene absorbability of the low concentrations are highly effective
and suitable for absorbent materials applied in the passive absorbable
processes in the military weapon and equipment factories and stores.

Keywords: Active carbon, Benzen, Adsorption.
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