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TOM TAT

Trong nghién cieu nay, TiO, dwoc bién tinh voi carbon aerogel (CA) cé nguon goc polymer
hitu co lam vat liéu xiic tdc quang phdn hity hoi formaldehyde trong khéng khi. Cac mdu
TiOL/CA dwge tong hop ¢ diéu kién nhiét do nung va cdc ty 1é gitta TiO, va CA khéc nhau bang
phwong phap sol-gel. Dac trung vé hinh thai bé mat, cdu tric tinh thé va dién tich bé mdt riéng
dwge phan tich bang cdc phuong phap hién dai nhu kinh hién vi dién tir quét (SEM) phé tan sdc
nang leong nguyén tu (EDS), nhiéu xa tia X (XRD), dwong dang nhiét hdp phu - gidi hap Ny.
Két qua cho thay, TiO, bién tinh véi CA giiip lam ting dién tich bé mat riéng va giam si két tu
trong qud trinh tong hop. Thir nghiém xir Iy hoi formaldehyde dwoc thwc hién véi 0,1 gam chat
xiic tde dwoc phan tan trén bé mdt véi kich thude 5 x 20 cm dudi dén UV (365 nm, 36 W), lu
long khi 1,5 I/phiit. Hiéu sudt cao nhdt ciia mau TiO»/CA dat khodang 61% so véi 49% ciia mdu
TiO, tinh khiét.

Tir kho4: Quang xuc tac; TiO,/Carbon aerogel; Xt ly formaldehyde.
1. MO PAU

Trong nhiing thap nién cubi cia thé ky 20 va dau thé ky 21, TiO, 1a mot trong nhirng vét
liéu duoc nghién ctru ing dung rong rai trén thé giéi nho nhitng dic diém ndi bat nhu gia
thanh ré, khong doc hai, d6 bén hoa hoc va co hoc cao [1]. TiO, c¢é hoat tinh cao, dudi birc xa
UV c6 kha ning phan hily cac chét hitu co doc hai. Cac dic diém nay lam cho TiO, tré thanh
dbi tuong nghién ciru trong nhiéu linh vyc khac nhau nhu cong nghé vat liéu moi hay cong
nghé moi truong.

Khé nang xuc tdc quang hoa cua TiO; dugc phat hién bdi Fujishima va Honda vao nam
1972, sau d6 dugc cung cb boi cac cong trinh cia cac nhom nghién ctru khac nhau. Tuy nhién,
viéc tmg dung TiO; trong thuc té gap nhiéu kho khin do cac nguyén nhéan chinh: d rong ving
cdm 16n, sy tai to hop nhanh cua cip [1] dién tir - 16 trong, kha ning thu hoi. Cac nguyén nhan
nay lam dai hoat dong cua TiO, giéi han trong ving tir ngoai, giam hiéu suit xuc tic quang
héa va han ché trong tmg dung thuc té Do d6, mot trong cic muyc tiéu nghién ctru ché tao vat
liéu TiO; 1a: 1am giam d¢ rong ving cAm chuyén ving hoat dong tir ving tir ngoai sang vung
kha kién; kéo dai thoi gian séng cta cac cap dién tir - 16 trong; 6n dinh TiO, trén chat nén dé
dé thu hoi va tai str dung.

Di 6 nhidu nghién ctru bién tinh TiO, bang cic phuong phap khic nhau nhu: pha tap kim
loai, pha tap phi kim, ¢ dinh trén chét nén, sira d6i bé mat,... Trong do, cac két qua nghién ctru
cho thy viéc pha tap TiO, bang nito va carbon thé hién hiéu sudt quang xuc tac cao hon ca [2, 3].
Céc nha nghién ciru cho rang, sy tron 1an céc trang thai p ctia phi kim loai v6i cac trang thai O2p
1am dich chuyén canh ving hoa tri 1én trén va thu hep ning luong ving cdm cua chit quang xuc
tac T|02

Pha tap TiO, béng carbon erogel da dugc nhiéu tac gia nghién ctru cho cac Gmg dung khac
nhau nhu xtr Iy Cr *[4], xtr Iy thude nhudm[5,6], xir ly hop chat hitu co dé bay hoi (VOC) [7]....
Céc tac gia cho rang, carbon aerogel lam ting dang ké kha nang hip phu chat 6 nhidm cua vt
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liéu, hon nira, kha ning dan dién cia carbon aerogel déng vai tro nhu bay dién tir lam giam xac
suat tai to hop ctia cac dién tir tao thanh trong qua trinh quang dién.

Viéc ¢b dinh hat nano TiO, trén nén carbon aerogel ciing 1a mét trong nhitng phuong phap
lam giam sy két tu cta cac hat nano trong qua trinh téng hop. Nho do tang dién tich hoat dong
trong cac ing dung hip phu va quang xiic tac.

Trén thuc té, cac Gmg dung cua chat xtc quang trong xur 1y 6 nhlem khong khi phu hop hon so
V01 moi truong nudce do chiét suit ctia khong khi thap hon nuéc, ndng d6 cac chat 6 nhiém trong
khong khi thap hon nhiéu trong méi truong nudc, hon nita, vat liéu quang xiic tac trong moi
truong nude dé bi rira troi hodc lang dong cac chat ran khac trén bé mit 1am giam kha nang thu
hdi va tai str dung.

Trong sb cac chat gdy 6 nhiém khong khi, HCHO duoc biét dén 1a mot trong nhiing chét doc
hai va pho bién nhat. Formaldehyde c6 thé gay hai cho da, h¢ ho hap va gay ung thu phoi. Chung
ciing 13 tac nhan gay ra sai léch va bién di cic nhidm sic thé, anh huong den sy phat trién cta
bao thai d6i voi phu nit ¢6 thai [8]. HCHO dugc phat thai tir nhiing nhiéu ngudn khac nhau nhu
dd ndi that, chét tay rira, trong my pham, tir cdc phuong tién giao thong, cac xuong va nha
may,... Quang xuc tac 1 mot trong nhimg phwong phap trién vong nham xi 1y triét dé chét 6
nhiém nay.

Trong nghién ciru nay, chung toi téng hop TiO,/carbon aerogel bang phuong phap sol — gel
lam vat liéu xtic tac quang dé xir Iy hoi formaldehyde. Céac diéu kién cta qua trinh tong hop duoc
khéo sat: nhiét d6 nung va ham luong carbon aerogel. Thir nghiém hi¢u qua xtt ly HCHO cuia céac
mau véi ham luong carbon aerogel duge thyuc hién va so sanh véi mau TiO, tinh khiét.

2. THU'C NGHIEM

2.1. Héa chat

Cac hoa chiat duoc sir dung trong nghién ctru: dung dich HCHO (37 wt%, Xilong),
resorcinol (>99.5 wt%, Shanghai Xihua Scientific), Na,CO3; (>99.9 wt%, Xilong), C,HsOH
(>299.7 wt%, Xilong), tetrabutyl titanate (>98 wt%, Shanghai Zhanyun Chemical) va HNO3
(65-68 wt%, Xilong).

2.2. Phwong phap ché tao vit liéu

Tong hop carbon aerogel (CA): Carbon aerogel duoc tong hop bang phuong phap sol — gel
tir tién cht resorcinol va formaldehyde véi xtic tic Na,CO,. Pau tién, dung dich bao gdm 73,7 g
dung dich formaldehyd va 50 g resocinol dugc hoa tan trong 160 ml nudc cat 1am dung méi.
Thém 24.2 g dung dich Na,CO3 0,2% vao dung dich thu dugc. Khudy lién tuc trong 15 phut va
siéu m trong 5 phit. Sau d6, dung dich duoc ¢ nhiét d§ phong trong 2 gio va u ¢ 80 °Cc trong
24 gio cho dén khi thu duoc gel hitu co. Gel dugc rira 3 1an bang dung méi acetone trude khi sdy
dong kho dé tao thanh aerogel resorcinol-formaldehyde. Vat lidu duoc nung & 800 °C trong moi
truong khi nito trong mot gio véi tée do gia nhiét 1a 5 °C/phut. Cudi cing, mau dugc hoat hoa &
800 °Cbang khi CO, trong 1,5 gio v6i cing tdc do gia nhiét.

Téng hop TiO,/Carbon aerogel: 10 ml tetrabutyl titanate dwgc hoa tan bang 30 ml dung
dich C,HsOH thu dugc dung dich A mau vang nhat. Nudc cét, dung dich C;HsOH, dung dich
HNO; (ti 1€ 10 ml : 20 ml : 1,5 ml) duoc khqu tron hoan toan sau do nho tir tir vao dung dich A.
Khudy déu hdn hop trong 15 phat thu duoc hdn hop sol dong nhat. Mot luong carbon aerogel
dugc thém vao hdn hop, tiép tuc khudy trong 1 gid, sau d6, hdn hop duge cho vao hop kin, 0
nhiét & 70 °Ctrong 12 h dé tao thanh gel. Gel dugc say kho ¢ 70 °C, va nung trong khi nito trong
1h véi tc d6 gia nhiét 5 °Cphdit.

Anh hudng cia nhiét d6 nung dugc khao sat voi mau c6 ti 1& CA: tetrabutyl titanate 1a 1:10 &
cac nhiét do nung: 400 °C, 500 °C, 600 °C, 700 °C. Cac mau duoc ki hiéu 1an luot 1a: TOCA400,
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TOCAS500, TOCA600, TOCAT00.

Bén canh d6, ham lugng CA dugc khao sat véi khoi lugng CA cho vao 1an luot 1a: 0,2 g; 0,4
;0,6 g; 0,8 g; 1,0 g. Cac mau dugc nung & 400 °C va ki hiéu lan luot la: TOCA 0,2; TOCA 0,4;
TOCA0,6; TOCA 0,8 va TOCA 1,0.

2.3. Panh gia dic trung tinh chat vat lidu

Thanh phéan pha va sy két tinh cua vat liéu dugc phén tich biang phuong phap nhidu xa tia X
(XRD) trén thiét bi Bruker D8 Advance (Pirc) voi ngudn birc xa CuKo (A = 1,5418 A) & 40 kV,
30 mA. Hinh thai bé mit duoc phan tich bang kinh hién vi dién tr quét (SEM) va phuong phap
tan sac nang luong tia X (EDX) trén thiét bi JSM-IT200 InTouchScope™ (M¥). Tinh chét bé
mit va 1 rdng cac ctia vat liéu dugc xac dinh bang phuwong phap hap phu dang nhiét nito & 77 K
trén thiét bi PMI BET-201-A (M3).

2.4. Thir nghiém hiéu suét xir Iy hoi HCHO trong khong khi

So db thi nghiém duoc bé tri nhu hinh 1:

10

Hinh 1. So' @6 m6 hinh thi nghiém xi ly formaldehyde bang quang xuc tac.
(1) Bom khi nén; (2) Thiét bj kiém soat ap suat; (3) Cét than hogt tinh; (4) Luu heong ké;
(5) Dung dich HCHO; (6) Nuéc; (7) Buong trén khi; (8) Buong phan ing;
(9, 10) V; tri lay mdu do nong @ HCHO.

Trong thi nghi¢m, khong khi duoc cip boi may nén khi duoc dan qua bo kiém soat &p suat (2)
va duogc lam sachqbéng cot than hoat tinh (3). Sau do, mot phan khong khi duoc suc qua dung
dich HCHO (5) d€ tao dong khi 6 nhiem, mét phan dugc dan qua nuée (6) dé tao am. Cac dong
khi dugc pha lodng véi 1 dc‘)ngNkhl' sach dé tao ra nong do bgn dau cua HCHO tai buéng tron khi
(7). Dong khi md phong 6 nhiem HCHO duge dua vao budng phan tng (8) chtra 0,1 g vat licu
duoc phén tan trén bé mat kich thudce 5 x 20 cm, chiéu xa bang dén UVA (365 nm, 36 W).

Nong d6 dau vao va dau ra caa HCHO duoc ldy ¢ vi tri s6 (9) va (10). Hiéu qua xit HCHO
(ky hiéu 1a H) dugc tinh theo phuong trinh sau:

H% = (C, — C)/C, . 100%

Trong d6, C, va C la ndng @6 HCHO ban dau vao sau khi di qua budng phan ang.

Nong d¢6 HCHO ¢6 trong dong khi duoc xac dinh bang phuong phap 3500 cta Vién Stc khoe
va An toan Lao dong Quoc gia Hoa Ky.

3. KET QUA VA THAO LUAN

Hinh théi cta vét ligu CA, TiO, va TOCA1,0 dugc phan tich bang kinh hién vi dién tir quét
(SEM) thé hién & hinh 2. O hinh 2a, ¢6 thé quan sat vat liéu CA hinh thanh tir cac hat c¢6 kich
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thudc khoang vai chyc nanomet. Vit liéu TiO, téng hop c6 xu huéng két tu thanh céc hat 16m, cd
kich thudc khéng dong déu (hinh 2b). Hinh 2¢ cho thdy TiO, dugc hinh thanh va phan bd trén bé
mit carbon aerogel & dang hat véi kich thude twong ddi ddng déu va khong phan biét duoc véi
cac hat carbon, hién tuong két tu thanh cac hat 16n gam dang ké. Két qua phan tich phé tan xa
nang lugng tia X (hinh 3) cho thdy sur co mit cua cac nguyén td Ti, C va O dic trung cho carbon
aerogel va TiO, trong mau TOCAl 0

Hinh 2. Anh chup SEM cdc mdu vit liéu: (a) CA; (b) TO; (c) TOCA.

Hinh 4a thé hién gian d6 XRD ciia cac mau TiO,/CA véi nhiét do nung khac nhau. Trén gian
d6 XRD ciia cac mau déu xuat hién cac dinh dic trung clia pha anatase tai 20 = 25.2°, 37. 7°
48.0° va 55.0° twong Ung v4i mat phang (101), (004), (200), (105), (211) va (204). O méu
TOCA400 khong xuat hién cac peak dic trung cho pha rutile. O cac mau con lai peak cuc dai
ctia pha rutile xuat hién ¢ gia tri 20 ciia 27,4° (mit phang (110)), cuong do peak ting dan theo
nhiét 46 nung. Co thé théy, ¢ nhiét d6 nung 400 °C TiO, chi két tinh & pha anatase, nhiét do ting
dan dan dén sy chuyén pha anatase sang trang thai bén hon Ia pha rutile.

Trén gian dd XRD cua tit ca cac mau khong xuét hién cac peak dic trung cho carbon, cho
thiy carbon aerogel & dang vo dinh hinh va khong anh huéng boi nhiét ¢ nung dudi 700 °C
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Hinh 4. Gidn dé nhiéu xa tia X ciia cdc mau khi thay déi nhiét do nung va ham luong carbon.

Hé s6 két tinh cua TiO, trong cac mau theo tinh toan 1an luot 13: mau TOCA 400: 93,7%;
Mau TOCA500: 84%; Mau TOCA 600: 77,75%; Mau TOCA 700: 86%. Két qua nay cho thay
c4c mau nung & nhiét dd 400 co ty 1¢ két tinh cao nhét, va TiO, két tinh chil yéu & pha anatase.
Khi ting nhiét d6 nung, ty 1& két tinh giam do sy chuyén pha anatase sang rutile & nhiét do cao.
O nhiét d6 trén 600 °C, ty 18 két tinh ting dan do su chuyén pha dan hoan thanh, Iic nay pha
rutile chiém ty 1& cao hon.

Tap chi Nghién ciru KH&CN quin su, 92 (2023), 63-70 67



Hoa hoc & Moi truong

Ddi voi cac mau c6 ham lugng carbon khac nhau dugc nung ¢ 400 °C Gian dd XRD thay dbi
khong dang ké (hinh 4b). Trén tat ca cic mau chi xuat hién cac peak dién hinh ctia pha anatase.

Két qua hdp phu nito ciia mot s mau voi ham lwong carbon khac nhau dwoc thé hién trong
hinh 5 va bang 1. Trong hinh 5, tit ca cac dudng dang nhiét hap phu-giai hip nito cia tit ca cac
mau déu c6 dang duong dang nhiét loai IV theo phan loai ciia IUPAC véi su hién dién ciia vong
tré dac trung cho sy ngung tu mao dan trong vat liéu mao quan trung binh. Thong tin dugc liét ké
trong bang 4.1 bao gom: Dién tich bé mit riéng Brunauer-Emmett-Teller (Sger), dién tich bé mit
riéng Langmuir (SLangmu.r) tong thé tich (Viotar) 12 thé tich khi hap phu tai P/P0 c6 gié tri gan bang
1, duong kinh 15 x6p trung binh (Da) dugc xac dinh bang phuong phuong phap BJH.

u]

3504
—2— TOCAO0 8
—m— TOCAQ0.4
300 —o— CA
—e—TO

P/ PO
Hinh 5. Puong hdp phu ding nhiét nito ciia cdc mau véi ham lwong carbon khéc nhau.

C6 thé thdy, viéc ting ham lugng carbon aerogel trong mau lam ting dién tich bé mat riéng
do carbon aerogel la chat mang c6 dién tich bé mit riéng va thé tich 16 xp 16n. Hinh dang cua
vong tré ddi voi carbon aerogel la hep va keo dai den khoang 4p suit thap, c6 thé két luan rang ty
1¢ phan trim 15 XOp trung binh (2 — 50 nm) trong ciu tric cia aerogel thap hon so véi cac miu
khac va céac 16 x0p ¢ dang khe [9]. Tuy nhién, véi viée tang ty 1€ kho1 lugng nap cua TiOy, hinh
dang cua vong tré mé rong hon, cho thay rang TiO, hinh thanh trén nén carbon aerogel lam tang
ty 18 cac 16 xdp trung binh trong ciu tric va ty 18 15 x6p vi mo giam. Didu nay co thé 1a do cac vi
16 xép dong lai do sy xam nhép cua cac hat TiO», déng thoi TiO, tich tu thanh cac cum hinh
thanh cac 16 xp c6 kich thugce 16n.

Bing 1. Két qua phdn tich hdp phu dang nhiét nito cia cdc mau.

x SBET SLangmulr Vtotal Da

Mau (m?/g) (m°/g) (cc/g) (nm)
CA 813,1 1000,6 0,343 3,49
TOCA1 541,2 715,7 0,243 9,24
TOCAO,8 4535 672,0 0,212 9,58
TOCAO,6 405,6 610,8 0,182 9,12
TOCAO0,4 3325 512,6 0,151 8,83
TOCAO,2 235,7 382,47 0,124 8,56
TO 65,9 - 0,094 7,15

Két qua thir nghiém hiéu sudt xtr Iy HCHO cua cac miu 'TOCA v6i ham lugng carbon aerogel
khac nhau thé hién & hinh 6. Trong thi nghi€ém kha nang hap phu HCHO cua vat li€u duoc khao
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st trong 75 phit ddu trong bong t6i, sau d6, dén UV duoc bat dé khao sat hiéu qua quang xac
tac. Dong khi dau vao dugc kiém soat & 7 ppm, luu lwong khi 1,5 I/phut.

Trong diéu kién khong chiéu UV, hiéu suat trung binh ctia mau TOCA v&i ham lugng cao
hon cho két qua tdt hon. Cu thé mau TOCA1,0 dat 39,64%, mau c6 ham luwgng carbon thép nhét
TOCAO,2 dat hiéu suat 15,8%. Két qua nay duoc giai thich do carbon aerogel 1am ting hiéu suat
hap phu cua vat lidu.

Khi chiéu btrc xa UV, hiéu suat xur 1y cua cac mau ting, trong d6, hiéu sudt trung binh cua
mau TOCAO0,4 1a cao nhét, dat 12 61,4%. Mau TiO, tinh khiét dat 49%. Ddi v6i cac mau c6 ham
lugng carbon cao, su khac biét cua hi¢u sudt trong diéu kién chiéu UV va khong chiéu UV 1a
khong nhiéu do mét d6 TiO, trong vat liéu giam, lam giam bé mat hip thu UV trong qua trinh
quang xuc tac. Trong thi nghiém, hiéu qua xir Iy HCHO 1a két qua cua 2 qué trinh hip phy va
quang xtic tac. Su ting ham lugng carbon lam ting kha ning hap phu HCHO. Tuy nhién, khi
ham lugng carbon qué cao, hiéu suét quang xuc tac giam do mat do TiO, trong vat li¢u gidm.
Cac mau duoc pha tap carbon vdi ti 1€ thép TOCAO0,2 va TOCAO0,4 cho théy hi¢u qua xu ly
HCHO cao hon hén so vi mau TiO, tinh khiét.

80
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Thoi gian, phat
Hinh 6. Két qua thir nghiém hiéu sudt xir ly HCHO ciia cic mau TOCA
voi ham luong carbon aerogel khac nhau.
4. KET LUAN

Vit liéu TiOo/Carbon acrogel da dugce ché tao thanh cong bémg phuong phap sol-gel, qua do
TiO; dugc phu trén chat nén carbon aerogel 1am ting dién tich bé mit riéng, kha ning hép phu
va hiéu sudt quang phan huy HCHO. Thur nghiém xtr ly hoi HCHO trong khéng khi véi diéu
kién thi nghiém: néng d6 HCHO 7 ppm, luu luong 1,5 I/phuat va s dung dén huynh quang
UVA 36 W. Vat liéu c6 kha ning xtr Iy dén 61,4% ddi v6i mau TOCAO,4 cao hon so véi mau
TiO, tinh khiét (49%).

Loi cam on: Nh\o’m tac gigi cam on sy tai tro vé kinh phi va co so vdt chdt cia Vién khoa hoc va cong
nghé quan su voi dé tai ma so PTVCBT.46.22/NPMT.

TAI LIEU THAM KHAO

[1]. N.D.Nghia, “Polyme chirc nang va vt liéu lai cdu triic nano”. (2008).

[2]. J. Moma and J. Baloyi, “Modified Titanium Dioxide for Photocatalytic Applications”,
Photocatalysts: Applications and Attributes, pp. 37-56, (2019). DOI: 105772/intechopen.79374.

[3]. R. Jaiswal et al “Copper and Nitrogen co-doped TiO2 photocatalyst with enhanced optical

absorption and catalytic activity,” Appl Catal B, vol. 168-169, pp. 333-341, (2015), DOI:
10.1016/j.apcatb.2014.12.053.

Tap chi Nghién ciru KH&CN quin su, 92 (2023), 63-70 69



Hoa hoc & Moi truong

[4].

[5].

[6].

[71.

[8].
[9].

M. Alsaiari, “Biomass-derived active carbon (AC) modified TiO, photocatalyst for efficient
photocatalytic reduction of chromium (VI) under visible light,” Arabian Journal of Chemistry, vol.
14, no. 8, (2021), DOI: 10.1016/j.arabjc.2021.103258.

M. Wu et al, “Electrosorption-nromoted photodegradation of opaque wastewater on a novel
TiO2/carbon aerogel electrode,” Environmental Science and Technology, vol. 44, no. 5. pp. 1780-
1785, (2010). DOI: 10.1021/es903201m.

J. Zhang et al., “4 TiO, coated carbon aerogel derived from bamboo pulp fibers for enhanced visible
light photo-catalytic degradation of methylene blue,” Nanomaterials, vol. 11, no. 1, pp. 1-12, (2021).
DOI: 10.3390/nan011010239.

Ahmad Jonoidi Jafari et al, “Synthesis and Characterization of Ag/TiO,/composite aerogel for
enhanced adsorption and photo-catalytic degradation of toluene from the gas phase,” Chemical
Engineering Research and Design, vol. 150, pp. 1-13, (2019). DOI: 10.1016/j.cherd.2019.07.017
“WHO guidelines for indoor air quality: selected pollutants.” Organization, W.H., (2010).

F. J. Sotomayor, K. A. Cychosz, and M. Thommes, ‘“Characterization of Micro/Mesoporous
Materials by Physisorption: Concepts and Case Studies”, Acc. Mater. Surf. Res. Vol.3 (No.2), pp
34-50, (2018).

ABSTRACT

Synthesis of TiO,/carbon aerogel composite
and its photocatalytic degradation of gaseous formaldehyde

In this study, TiO, was modified with carbon aerogel (CA) derived from organic
polymer to form a photocatalyst material to remove formaldehyde vapor in the air.
TiO,/CA samples were synthesized under different calcination temperatures and different
TiO, and CA ratios by sol-gel method. Modern methods like scanning electron
microscopy(SEM), Energy Dispersive X-Ray Analysis (EDS), Powder X-ray diffraction
(XRD), N, adsorption-desorption isotherm were used to analyze surface morphology,
crystal structure, and surface area characteristics. The results indicate that TiO, with CA
modification enhances surface area and minimizes clumping in synthesis. The
formaldehyde vapor treatment test was performed with 0.1g of the catalyst dispersed on
the surface with dimensions of 5 <20 cm under UV lamp (365 nm, 36 Watts), gas flow 1.5
I/min. The highest efficiency of the TiO,/CA sample was about 61% compared with 49% of
the pure TiO, sample.

Keywords: Photocatalyst; TiO,/Carbon aerogel; Formaldehyde treatment.
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