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TOM TAT

Gd B6 dé va Keo lai dugc xir ly béng mot s6 cong thire hoa chét trén co s& boric axit
va natri silicat dé danh gia kha nang chong chay. Chi s6 chinh dé xem xét kha niang chdng
chay 13 phan traim khéi lvong mau gd méat mat do chay. G dugc xu ly bang dung dich boric
axit don gian hodc dung dich sol cua silicat déu nang cao kha ning chéng chay rd rét so véi
mau dbi chimg. Véi cac cong thire dung dich boric axit c6 bb sung céc glycol, hi¢u qua chéng
chay giam di rat nhleu Su két hop boric axit va natri silicat budce dau cho thiy kha nang
chéng chay cho gd tdm rat cao, dong thoi ciing cho thdy nhitng vu diém ndi troi hon khi sir
dung don thuan timg hoa chét, hay lang dong silica.
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MO PAU

Boron v co 13 cac hop chit vo co cia nguyén to Bo, gdm oxit, boric axit va cac mubi,
la thanh phan hoat chéat chinh trong rt nhiéu thanh phdm dang hdn hop st dung trong linh
vuc bao quan gd dé chdng sinh vat gay hai. Boron ciing dugc xem 1a nhom hop chit c6 kha
nang chéng chay tir nhitng nam cudi thap nién 1930 va cho dén nay van dugc xem la tac nhan
chéng chay cho gd ¢ hiéu qua kinh t& nhat. Nhimg nghién ctru co ban dé tim hiéu co ché
chéng chay ciia boron ciing da duoc thlet ké dya trén cac cong cu phan tich vat ly hién dai [1].

Trong cac nghién cru phat trién cac hdn hop hoa chat dé xir Iy nang cao chét lugng
0, boron duoc két hop véi cac tic nhan twong tac nhu etylen glycol (EG), poly-etylen glycol
(PEG), polyvinyl ancol (PVA), silicat hodc sol silicic, nhya UF, PF... lam tdng kha néng on
dinh kich thuéc, tinh chat sinh hoc gd, tang kha nang chéng rira troi boron trong gd... 121, [3],
[4], [5, 6]. Tinh chat chéng chay cua gb sau xt Iy méi chi duge khao sat trong mot sd trudng
hop.

Bai bao nay gidi thiéu két qua danh gia kha ning chong chay ctia mot sé cong thirc
hoa chat xir 1y gd, trong do6 boric axit dwgc két hop véi cac hop chit 1a EG, PEG, silicat.

VAT LIEU VA PHUONG PHAP NGHIEN CUU
Vit liéu

- Vat liéu gb: gb Bo dé (Styrax tonkinensis), Keo lai (Acacia hybrid). Kich thudc mau:
3,56%1,65x15 (cm). S& miu cho 1 cong thirc thi nghiém 14 6 mau.

- Hoa chat: boric axit, natri silicat, EG va PEG phan tir luong 600 DVC (don vi
cachon).

Ky thugt xi Iy g6: Mau g6 dugc tam bang phuong phap chan khong — ép luc. Do sau
chén khéng -600 mmHg, duy tri trong 30 phat. Ap luc tam 0,7 Mpa, duy tri trong 60 phdt,
cho céc cong thue tam boric axit va boric axit két hop véi cac glycol; duy tri 120 phut véi cac
mau tam sol silica va cong thirc tim boric axit két hop voi natri silicat. Go sau tim duoc xir 1y
nhiét & 60°C dén khéi lwong khong dbi dé xac dinh lwong hoa chat thAm vao gd duoc tinh
toan theo cong thuc:

WPG (%) = [(Ms — Md)/Md] x 100
Trong do: - WPG laty 1€ tang khoi lugng mau sau tam
- Ms la khéi luong ciia mau gd sau xtr Iy
- Md la khéi lugng ciia mau gd trude khi xir Iy

Phwong phap danh gia kha ning chéng chay cho miu gé:

Phuong phap xéac dinh chii yéu dua vao chi tiéu ton that khdi lwong mau thir. Cac chi
tiéu nhu chay lan, thoi gian chay c6 ngon ltra, chdy c6 than, chay am i ciing duoc xem xét hd



trg dé thu thap thém théng tin danh gia kha nang chdng chay cua vat lidu. Phuong phap nay
dwa trén viéc tham khao phuong phap dng lira duogc trinh bay trong tiéu chudn ASTM E69-50.

* Thiét bi va dung cu: )

Can dién tr d6 chinh xac 0,01g; Ong ltra 1am bang 6ng kim loai ® 50mm, dai 165mm,
bb tri chdt gitt mau thr ddu éng; Dén con; Pong hod bam gidy.

* Cach tlén hanh:

cé dinh mau thir vao dng lira sao cho mau thir tho ra ngoai ong Itra vé phia du6i Smm.
Dung dén con dét chay mau, tim ngon ltra phai dat ding vao phan cubi doan méu thir (cach
10mm). Thoi gian dbt c6 ngudn nhiét 1a 2,5 phat ddng thoi xac dinh thoi gian bat chay, xéac
dinh thoi gian chay 4m i cia mau thir. Khi hét thoi gian ddt, ngit ngudn cung cip nhiét. Sau
d6 tién hanh can x4c dinh ton that khdi lvong mau trudc va sau khi thir chay.

KET QUA VA THAO LUAN
Kha niing chdng chay ciia gb dwoc tim béng dung dich boric axit
Nghién ctru nay dugc thuc hién dé khao sat kha ning chong chay ctia gb tam boric axit
& mot sb cap nong do thudng dugce lya chon trong bao quan go.
Bing 1: Ty I¢ hao hut khoi lwong mdu tam boric axit sau khi dot

Loai £ Ky hiéu cong Hoéa chat xtr 1y gb WPG Ty 1¢ hao hut
: thirc hoa chat (tinh cho 1000g dung dich) | (%) | khoi lugng mau (%)

B1 10g H3BO; 3,80 36,85
Bo dé B2 30g H3BO3 4,97 29,11
B3 50g H3BO3 6,74 15,39
Poi chitng Bo dé 0 94,05
B1 10g H3BO; 1,09 11,28
Keo lai B2 30g H3BO3 1,67 6,76
B3 50g H3BOs3 2,06 477
Doi chirng Keo lai 0 56,20

Két qua trong bang 1 cho thay ¢ cling mot mot cap nong do dung dich tam, véi ché do
tam nhu nhau nhung luong hoa chat thim vao gd Keo lai it hon g Bo dé. Quan sét thuc
nghiém, v6i mau khong tam hoa chit ctia ca 2 loai gb déu chay lan rt nhanh trong qué trinh
cap lura, chay bung thanh ngon ltra 16n trong va sau qua trinh cap lura.

Véi timg loai gd, khi lwong hoa chat tham vao gb tang 1én déu lam tang kha nang
chbng chay. Thyc vay, khi lugng hoa chat thdm vao go thay doi tir 3,8% dén 6, 74% thi khéi
luong g6 B6 dé bi mat mat do chay giam tir 36,85% dén 15, 39%. Tuong tu, voi g6 Keo lai,
khi lwong hoa chit tham ting tir 1,09% dén 2,06% thi luong gd bi mat mat do chdy giam tir
11,28 dén 4,77%. Két qua thuc nghiém ciing cho thay, gb dugc xu 1y axit boric, ngay ca &
ndng d6 dung dich 1% thi kha nang chng chay ciing ting 1én rd rét khi so voi gd khong tam.
Tuy nhién, g B6 dé sau khi tim dung dich 5% van con rat d& bi chay.

Kha ning chéng chay cia gb dwoc tdm bing dung dich két hop boron va cac
glycol

Cac glycol bao gdbm mono- etyleneglycol (EG) va cac poly - etyleneglycol (PEG) véi
cac phan tur luong khac nhau dugce két hop vai boron trong rat nhidu nghién ctru de nang cao
d6 bén ty nhién cho gd, d6 bén kich thudc, do bén chéng rira troi hoat chat khoi gd. Trong
nghién ctru nay, EG va PEG phan tir lugng 600 dugc st dung két hop véi boric axit & mot sd
ham luong khao sat kha nang chdng chéy.

Bing 2: Ty 1¢ hao hut khoi lwong mdu tim dung dich hén hop ciia
boric axit va cdc glycol sau khi dot

Loai g5 Ky hi¢u cong Héa chat xir 1y g WPG Ty 1¢ hao hut
: thirc hoa chat (tinh cho 1000g dung dich) (%) | khoi lugng mau (%)
B) dd B4 509 H3BO3 + 509 PEG 26,76 63,70
B5 50g H3BO5; + 100g PEG 34,34 75,19




B6 50g H3BO; + 1509 PEG 38,25 75,09
B7 509 H3BO3 + 509 EG 9,82 19,54
B8 50g H3BO3; +100g EG 13,12 26,19
B9 509 H3BO3 + 150g EG 22,75 47,01
Poi chitng Bo dé 0 94,05
B4 50g H3BO3; + 50g PEG 4,06 7,92
B5 509 HsBO; + 100g PEG 6,05 9,89
Keo lai B6 50g H3BO; + 1509 PEG 9,21 20,40
B7 509 H3BO3 + 509 EG 2,57 5,34
B8 50g H3BO3; + 1009 EG 3,61 5,74
B9 50g H3BO;3; + 1509 EG 7,75 9,46
Doi chirng Keo lai 0 56,20

Két qua tai bang 2 cho thay g B6 dé khi tim cac cong thirc c6 phdi hop boric axit va
cac glycol & tit ca cac ham luong dugc lua chon déu mét di kha ning chéng chay. Khi ham
luong cac glycol bd sung vao cac cong thirc hoa chét tim cang 16n thi ca 2 loai gb cang dé bi
chay hon.

Nguyén nhan lam mat kha ning chdng chay cua boric axit trong cic cong thic tam
nay co thé 1a do cac tic nhan hoa chat phdi hop co ban chat dé bat chay va sy c6 mit cua
chung di thiic day qua trinh chay dién ra nhanh hon tdc d6 hinh thanh nhitng thanh phan can
tr& quéa trinh chay. Nguyén nhan nay ciing timg dugc nhic dén trong bang phat minh cua
nhom tac gia Satoshi Fujiki va cong su [7].

Mot nguyén nhan khac 1a sy ¢ mat cua EG va PEG da trc ché ban chat sy tao thanh
xuc tac thue day qua trinh tao 16p than can tré qua trinh chay lan va chay sau vao bén trong
vat ligu go Ban chat xuc tac nay ciia boric axit da dugc nghién ciru ky ludng bang viéc phan
tich chi tiét cdc san phdm hinh thanh trong su6t qua trinh chay nho cac cong cu phan tich vat
1y hién dai trong nghién ctru ciia Quingwen Wang va dong nghiép [1].

Khi ning chong chay ciia gd dwge tim bing dung dich két hop ciia boron véi silicat

Bén canh cac hop chat boron, mudi silicat natri cing 1a mot hoa chét c6 tac dung
chéng chay hitu hiéu khi duoc tam cho vat liéu gd. Thong qua chuyén héa sol-gel, dang sol
ctua dung dich silicat c kha nang lang dong silica sau khi két thiic qué trinh xur ly 6. Qua
trinh nay cho phép tao ra gb gan giong voi qua trinh lang dong silica ty nhién trong go.

Bing 3: Ty Ié hao hut khéi lwong mdu gé ling dong silica sau khi dot

Loai g3 Ky hiéu c@n’g Ty 1& két hop cua cac dung dich | WPG Ty 1¢ hao hut
: thirc hoa chat (1:1 vé thé tich) (%) khoi Iugng mau (%)
S1 Na,SiO3 0,4 M + HCI 0,4 M 4,73 6,12
B3 dd S2 NaQS!Og 0,8 M +HCI0,8M 10,59 6,28
S3 Na,Si0O31,2M+HCI12 M 19,05 5,72
S4 Na,SiO3 1,6 M+ HCI 16 M 23,87 4,49
Poi chirng B6 dé 0 94,05
S1 Na,SiO3 0,4 M + HCI 0,4 M 2,97 12,32
Keo lai S2 Na,Si03 0,8 M + HCI 0,8 M 4,74 10,90
S3 Na,Si0O31,2M+HCI12 M 7,69 7,32
S4 Na,SiO31,6 M+ HCI 1,6 M 10,35 7,07
Poi chirng Keo lai 0 56 20

Gb duogc ling dong silica co kha ning chong chay dang ke, khoi luong g6 hao hut sau
thu chay nam trong khoang tir 4,49 dén hon 6% voi d6i tuong go Bo dé, tir 7 dén hon 12%
v6i dbi tuong gd Keo lai. Khi ting ham lugng dung dich hoa chit tdm 1én, xu thé giam dan
khéi lugng hao hut hay giam kha ning gd chiy héa than. V&i cing mot ham lwong hoa chat
tam, gb Keo lai cho thdy kha ning hoa than cao hon, thé hién qua phan khdi lwong mat mat
sau khi chay cao hon so v&i gb B dé.




Két qua thé hién trong bang 3 cho thay khi tang ham luong silica ling dong trong gd
cing khong lam giam dang ké luong gd bi mat mat do dét chay.

Nghién ctru tiép theo duogc thuc hién 1a két hop silicat voi boric axit dé tao cac dung
dich xir Iy go. Vi axit boric c6 kha nang tao gel ngay ¢ nhiing diéu kién moi truong cua phong
thi nghiém nén sy két hop ctia 02 hoa chit nay dé tao ra hdn hop c6 kha ning tam vao gb can
phai dugc khao sat dé tim ra ty 16 két hop ma két qua 1a tao duoc dung dich bén & dang sol.
Két qua khao sat so bo cho thay, dung dich Na,SiOz 0,6M két hop véi dung dich boric axit
5% theo ty 18 1:1 vé thé tich s& cho dung dich sol bén va do kiém cua dung dich khong 16n.
Khi cac dung dich trén giam nong d6 theo ciing mot mirc do, thi ty 16 két hop trén van cho
dung dich sol bén, va sau mot khoang thoi gian nhét dinh thi tao gel. Két qua danh gia kha
ning chéng chdy cua cac cong thirc dung dich 1a két qua su két hop silicat va boric axit thé
hién trong bang 4.

Bdng 4: Ty 1é hao hut khéi luong méu tim dung dich hén hop
ciia boric axit va natri silicat sau khi dot

Loai | Ky hiéucong | Ty 1é két hop cua cac dung dich | WPG Ty 1¢ hao huyt

gd | thuc hoa chat (1:1 vé thé tich) (%) khéi lwong mau (%)
S5 Na,SiO3 0,6M + H3BO3; 5% 11,96 5,44
B6 aa S6 Na,SiO; 0,3M + H3BO32,5% 5,70 11,12
S7 Na,SiO3 0,15M + H3;B031,25% 3,59 22,75
S8 Na,SiO3 0,12M + H3BO31% 3,05 24,92
Poi chirng Bo dé 0 94.05
S5 Na,SiO3 0,6M + H3BO3 5% - 6,94
Keo S6 Na,SiO; 0,3M + H3BO32,5% - 7,09
lai S7 Na,SiO3 0,15M + H3B0O31,25% - 10,08
S8 Na,SiO3 0,12M + H3BO31% - 21,40
DPoi chirng Keo lai 0 56,20

Véi s6 liéu tai bang 4, kha nang chdng chay ctia 2 loai g6 khi dugc tam cac dung dich
c6 su két hop cua muoi silicat va boric axit la twong dwong. Khi ham lugng cac chat trong
dung dich két hop giam dan tir cong thirc S5 dén S8, luong hoa chat thim vao g giam xuong
d3 lam giam kha ning chdng chay cua gb sau xu 1y, khdi luong gd hao hut tang tir 5,44% dén
24,92% véi gb B dé; 6,94% dén 21,40% véi g6 Keo lai.

Véi gd tim cac cong cong thirc S5 va S6, qua trinh chay khong lan rong ra bé mit mau
ngay trong qua trinh cip nhiét d6t mau, va sau khi ngimg cap nhiét, gb gan nhu khong chay.

So sanh hiéu qua chng chay gitta dung dich boric don thuan thé hién trong bang 1, va
két hop vdi silicat trong bang 4 d& nhan thiy rang, khi ket hop 2 hoa chét nay véi nhau, h1eu
qua chéng chay ting 1én rat nhiéu. Thyc vdy, vO1 muc ndng do 1,25%, khi cho két hop Vol
dung dich 0,15M cua NaySiOs khéi lvgng miu go mat mat do chay chi con ¢6 22,75% voi g0
b6 d&, trong khi gd tam dung dich 1% H3BOs mét t6i hon 36% khdi luong.

So sanh voi két qua dat duoc trong bang 3, cling ¢ thé nhan thay rang su két hop cua
boric axit va mudi silicat natri cho nhiing uu diém tot hon véi g0 ling dong silica, dic biét &
rét trong truong hop cua gb Keo lai. Khi so sanh cac cong thirc S3, S4 voi S5 va S6, dé nhan
thdy néu g0 tam dé lang dong silica thi lugng mudi silicat can dung 16n hon gp 2 dén 3 lan
méi cho hiéu qua chdng chay twong duong, ngoai ra luong axit HCI can ding cho cac cong
thirc nay ciing rat 1on.

Gd duogc xtr 1y theo qua trinh sol gel, véi su két hop caa boric axit va silicat con c6
mot wu diém rat 16n 1a khong tao nhiéu khoi trong qua trinh cap nhiét d6t mau. Go tim cac
cong thirc S5, S6 thi gan nhu tit ngay sau khi ngumg cap nhiét nén khong tao khoi, trong khi ¢
2 cong thtre con lai, qua trinh chay lan chi dién ra ¢ 16p rat mong trén bé mit & trong mot
khoang thoi gian rat ngan. Uu diém nay ciing duoc néu ra trong nghién ctru tinh chit chay caa
g0 dugc tam silicic két hop boric axit ciia tac gia Yamaguchi [8].



1) ) 3)
Hinh dnh mdu thir chéng chdy - mdu c6 kha néing chong chdy, khong bi chdy lan (1);
mdéu bi chdy lan trén bé mt (2) nhung khong bi lira xam nhdp sdu (3)
KET LUAN

- Boric axit c6 kha ning nang cao do bén chéng chay cho gb Keo lai va B dé, tuy
nhién, gd Bo dé tam boric axit nong do 5% van bi mat mat khoi lugng do chay kha 1on.

- Su két hop cia boric axit v6i cac tac nhan glycol lam giam manh kha ning chng
chay, cong thirc tim c6 lugng PEG cang 16n thi mau gb cang dé bi chay hon.

- G6 xir 1y lang dong silica cho kha ning chéng chay kha cao ¢ cac cong thirc hoa chat
dugc Iya chon va trong truong hop tim cho gb B dé. Voi gbd Keo lai chi co cac cong thic co
ham lugng silicat két hop trén 1,2M méi cho hiéu qua chdng chay tt.

- Su két hop ciia boric axit véi silicat budc dau xac dinh dugc hiéu qua chong chay rat
cao, mau gan nhu khong chay thanh ngon lira, chdy lan trén bé mat mau khi ham lugng mudi
silicat va boric axit sir dung trong viéc tao dung dich tam 16n hon 0,3M va 2,5% theo thur tu,
hodc khong chay 4m i sau thoi gian duy tri ngon lira dot ngay ca cac cong thirc dung dich tam
c6 sw két hop ¢ mirc nong do dung dich thap nhat.

- Go duogc xu ly bang dung dich két hop cua boric axit va mudi silicat natri cho nhiing
uu diém t6t hon vé6i gb chi tim riéng tung thanh phan trén. Mic du vay, su két hop cua hai
hoa chat méi chi dimg lai & mot cap ty 18, can tiép tuc khao sat & cac ty 18 két hop véi ham
luong silicat cao hon dé danh gi4 tiém ning thyc cia hdn hop nay trong viéc nang cao hiéu
qua chéng chay noi riéng, va xem xét toan dién tiém ning nang cao céc tinh chat gd néi chung
cling nhu hidu qua xir 1y go.
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RESEARCH ON FIRE RESISTANCE OF WOOD TREATED WITH BORIC ACID
AND SODIUM SILICATE
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SUMMARY

Wood of Styrax tonkinensis and Acacia hybrid are treated with some chemical formulas based
on boric acid and sodium silicate for evaluation of fire retardance. The main index to consider
the posibility of fire is the weight loss (%) of sample after fire testing. Samples treated with
boric acid solution or sol of silicate are significantly enhanced the fire resistance compared
with the control sample. With the formulas in which boric acid solution added of glycols, the
fire resistance of samples reduce greatly. The preliminary results of the samples treated with
solution based on combination of boric acid and sodium silicate show that they are very high
resistant to fire. The results also indicate that there are more advantages when combination
chemicals in formulations than using them alone, or silica deposition.
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