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NGHIEN C('U ANH HUONG CUA THACH CAO PHOT PHO THAI
PEN TINH CHAT KY THUAT CUA BITUM

EFFECT OF PHOSPHOGYPSUM ON THE TECHNICAL PROPERTIES OF BITUMEN
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TOMTAT

Nganh c6ng nghiép Phan bon Viét Nam héng nam thai ra hang triéu tan thach
cao phét pho (PG), chiing chii yéu dugc chon ldp, gay lang phi tai nguyén va 6
nhiém moi trudng. Tan dung ngudn PG thai tai nha mdy DAP1 - Binh Vi (Hai
Phong) vao bién tinh bitum nham téng tinh &n dinh, ddng thoi giam thi€u téc hai
dén moi truting lamot gidi phap hiu ich. Nghién cu nay bao cdo vé anh hutng cla
PG & cac ham luong 0, 5, 10,15 va 20% khdi luong (KL) dén tinh chat hda hoc, do
kim ltin, ciiém héa mém va do bam dinh vdi da cdia bitum. Két qua cho thdy khi tng
ham lugng PG tir 0 d&n 20% lam cho bitum ¢ tinh chét héa Iy 6n dinh hon va su
tuong tac hda hoc giita PG vdi cdc nhém thanh phan clia bitum khdng xdy ra hodc
Xay ra yéu. Dac biét diém héa mém tang tir 51,5 dén 64°C, do kim Iin gidm tir 44
xudng 34,5 (1/10mm), d bam dinh véi da déu dat cdp 5 1a cp cao nhdt.

Tir khéa: Bitum 40/50, thach cao phét pho, d kim liin, diém héa mém, d6
bdm dinh véi dd.

ABSTRACT

The Vietnamese fertilizer industry generates millions of tons of
phosphogypsum (PG) waste annually, leading to resource depletion and
environmental pollution due to landfilling. A beneficial solution involves modifying
bitumen with PG from the DAP1-Dinh Vu factory to enhance stability and reduce
environmental impact. This study investigated the effects of PG concentrations (0 -
20% by weight) on bitumen's chemical characteristics, penetration, softening
point, and adhesion with paving stone. Increasing the PG content from 0 to 20%
improved bitumen's physicochemical stability, with minimal or no chemical
interaction observed between PG and bitumen. Specifically, softening point
increased from 51.5 to 64°C, the penetration decreased from 44 to 34.5 (1/10mm),
and adhesion with paving stone reached the highest level (level 5).

Keywords: Bitumen 40/50, phosphogypsum, penetration, softening point,
adhesion with paving stone.
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1. GIGI THIEU

Bitum la mot phan doan cudi clia qua trinh ché bién
dau mo, ching dugc sir dung vao nhiéu muc dich khac
nhau. Viéc nghién clu nang cao chat luong clia bitum
nham tang kha nang Uing dung cla ching trong nhiéu
nganh khac nhau la rat can thiét, dac biét trong giao
thong, xay dung, chéng an mon va chéng tham [1-5]. Cac
cobng trinh chl yéu tap trung s dung céc chat bién tinh
nhu cao su, nhua epoxy va tham chi cac loai nguyén liéu
nhu dau an thai, dau dong co thai... dua vao bién tinh
bitum.

Peiliang Cong va cong su da két hgp gilra nhua epoxy
va styrene-butadien-styrene (SBS) vao bién tinh bitum.
K&t qua nghién ctru cho thay viéc thém cao su SBS vao
bitum da lam tang dé bén kéo dut va dé dan dai khi dut
cla bitum sau bién tinh [6]. Nhua epoxy cling dugc si
dung & cac ham lugng tur cao tir 15 dén 50% khéi lugng,
nham bién tinh cai thién cac tinh chat co ly ctia bitum cho
viéc bao duéng mat dudng giao thong [7]. K&t qua cho
thay su c6 mat clia nhua epoxy da lam tang nhiét dé chay
mém va giam dé kim ldn, lam cho mat dudng giao thong
sau khi bdo dudng c6 tinh 6n dinh cao hon, tranh duoc
kha nang chay mém trong qua trinh st dung.

Su két hgp gilta 3% khoi lugng dau an thai va 3% khoi
lugng dau dong ca thai dua vao bién tinh bitum da dugc
khao sat nghién ctiu, két qua cho thay vaéi su c6 mat cla
hai loai dau thai trén da cai thién dugc kha nang gia héa
cuia bitum, lam cho bitum sau bién tinh linh dong va mém
déo hon [8]. Tinh chat luu bién va cac ddc trung ly hda ctia
bitum dugc cai thién tét han sau khi két hgp gilta dau an
thai va nanoclay vao bién tinh bitum [9].

Cac nghién ctiu vé phosphogypsum va ting dung cua
chung dugc nhiéu nha khoa hoc quan tam nghién ctu.
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Thanh phan chinh cta phosphogypsum chira chi yéu
thach cao dang CaS0..2H,0 trén 80%, cac thanh phan
khac con lai bao gom Al,Os, SiO,, H,SO4, HsPO4, HF va céac
tap chat hoa tan khac. D€ san xuat ra 1 tan Hi;PO,4 lam
nguyén liéu cho san xuat phan bén can thaira 4 dén 5 tan
phosphogypsum [10, 11]. Ng6é Kim Chi cung nhém
nghién ctu [10] da nghién ctu thanh phan ba thach cao
phosphogypsum thu thap tai nha may DAP1 - Binh VQ,
sau qua trinh x{ ly, lam sach va tién hanh xac dinh hinh
thai cau trdc ctia PG théng qua anh SEM, két qua cho thay
ba thach cao PG c6 cau truc tinh thé, kich thudc hat
< 45um. Wengang Li va cong su [12] nghién cttu ché tao
c6t lieu xay dung co st dung PG nham gidm thiéu phat
thai, hudng dén moi trudng bén viing, két qua nghién ctu
cho thdy ham lugng PG c6 thé sirdung dén 70% phan khdi
lugng ma van dap Uing dugc tiéu chudn clia bé téng C25.

Nghién ctiu anh hudng ctia PG dén tinh chat ca ly ctia
xi mang Pooc Lang da dugc nhdm nghién ctu cla Van
Viét Thién An va cong su nghién ctu [13]. Anh hudng clia
ham lugng PG dén d6 bén kéo dut, do dan dai khi dut va
dd bén nhiét cua vat lieu composite trén cg s& nhua
polyetylen da dugc nhém tac gia Thai Hoang va céng sy
nghién ctu [14].

Lugng PG trén thé gigi cling nhu & Viét Nam ngay
cang thai ra moi trudng moét lugng rat I6n, gay 6 nhiém
moi trudng va lang phi tai nguyén. Viéc tan dung nguén
nguyén liéu thai san co6 trong nudc vao nghién clu bién
tinh bitum nhu moét chat gia cudng, nham dinh hudng
Ung dung trong nganh giao thong va xay dung sé md ra
mot hudng nghién ciru hoan toan mdi va day trién vong.
2. THUC NGHIEM VA PHUONG PHAP NGHIEN CUU
2.1. Héa chat - Thiét bi

¢ Phosphogypsum dugc cdp bsi nha may san xuat
phan bén DAP1 - Binh V(i (Hai Phong).

e Bitum mac 40/50 dugc cap béi cong ty TNHH cung
Ung nhya duong ADCo (Hai Phong)

e Axeton (Trung Quéc)

e May khudy ca hoc VELP (Y)

e T4 sdy Memmert (Duc)

e Bép gia nhiét (Trung Quéc)

e Thiét bi xac dinh dé kim lun ty dong DF-6 (Trung
Qudca).

e Thiét bi xac dinh nhiét d6 héa mém tu dong DF-12
(Trung Quéc).

e Thiét bi xac dinh phé héng ngoai Agilent Cary 630
FTIR Spectrometer.
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2.2, Xt ly lam sach PG va bién tinh bitum

Phosphogypsum (PG) dugc ching téi lay truc ti€p trén
bang chuyén tai nha may san xuat phan bon DAP1-Dinh
V{ (H3i phong), ching dugc sang qua ray véi kich thuéc
1,0mm va dugc lam sach theo quy trinh ting mé.

M6i mé khudy 500 gam PG trong dung dich H,SO,4
néng d6 10%, theo ti 1& dung dich/PG la 3/1 (ml/g) va
dugc khudy & téc d6 350 vong/phut trong 1 gid. Sau thai
gian khudy dé Idng 5 - 10 phut, gan thu phan ba rén, tiép
tuc ria phan ba ran 3 lan trong nudc cat vai ti 1é nudc/ba
la 1, 13ng gan dung dich thu phan ba uét. Tiép tuc cho
Ca0 & néng dd 0,1% vao trung hoa cho dén khi trung
tinh, sdy khé & 45°C trong 5 gid thu dugc nguyén liéu sach
PG [10].

y 7:.
C4

Hinh 1. Hinh &nh x{ ly va phan tan PG vao bitum

Trudc khi bién tinh, nguyén liéu PG dugc sdy & nhiét
dé 80°C dén khdi lugng khong déi la 3 gid va ching dugc
phan tan vao bitum lan lugt & cacty 1€ 0, 5, 10, 15 va 20%
khoi luong (KL), véi cac mau dugce ky hiéu tuang tng la
PGo, PGs, PGio, PG1s va PGy HON hop bitum dugc gia nhiét
dén nhiét dé lam viéc 8n dinh130°C va lan lugt cho tu tu
chat bién tinh PG vao bitum va khuay trén thiét bi ca hoc
VELP & toc do 500 vong/phut cho dén khi hén hop dong
nhat thi dung lai. Qua trinh mé ta su dong nhat ctia hén
hgp dugc trinh bay trong phan két qua va thao luan.
2.3. Cac phuong phap xac dinh tinh chat héa ly caa
bitum

e Phé hong ngoai IR clia cac mau bitum va bitum bién
tinh bang ba thach cao photpho dugc xac dinh trén thiét
bi Agilent Cary 630 FTIR Spectrometer (My).
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e Diém héa mém clia bitum trudc va sau khi bién tinh
bang PG dugc xac dinh theo tiéu chuan ASTM D36 (TCVN
7497-05). Phép thir dugc xac dinh trén thiét bi do diém
héa mém ty dong DF-12 (Trung Quéc).

e Do kim 1an cia bitum trudc va sau khi bién tinh bang
PG dugc xac dinh theo tiéu chudn ASTM D5-20 (TCVN
7495-05). Phép thir dugc xac dinh trén thiét bi do d6 kim
lGn tu dong DF-6 (Trung Quéc).

¢ DO bam dinh clia bitum vai da trudc va sau khi bién
tinh bang PG dugc xac dinh theo tiéu chuin Viét Nam
TCVN 7504-05.
3. KET QUA VA THAO LUAN
3.1. Nghién citu bién tinh bitum tir phosphogypsum

Phosphogypsum dugc ldy tir nha may san xuat phan
bon DAP1 - Binh Vi Hai Phong va dugc ching toi xu ly,
lam sach theo quy trinh da cong b6 trudc day [10]. Bitum
dugc bién tinh bang PG véi cac ham lugng 0, 5,10, 15 va
20% khéi lugng. Ung véi méi ham lugng, bitum dugc gia
nhiét dén nhiét d6 6n dinh 130°C, sau d6 cho tirti PG vao
bitum. Ban dau hén hop c6 mau nau sam dén den, sau
mét thdi gian khudy mau ndu sdm dan chuyén thanh mau
den d6ng nhat, déng thai luc nay dong chuyén dong cda
hén hop bitum trong qua trinh khudy tron tré nén én
dinh thi diing khuay. Cac théng s6 va ky thuat bién tinh
bitum dugc mo ta trong bang 1.

Bang 1. Thanh phan cac cau tk va thai gian phan tan hon hop bitum

TT | Ténmau | Bitum PG |Bitum bién | Théi gian phan
(%) (%) tinh (%) tan (phut)

1 PGo 100 0 100 0

2 PGs 95 5 100 5

3 PGy 90 10 100 8

4 PGis 85 15 100 12

5 PGy 80 20 100 17

Két qua tir bang 1 cho thay, ham lugng PG cang tiang
thi thai gian phan tan cang dai. Cu thé & ham lugng PG5%
thai gian phan tan 5 phut, tiép tuc tang ham lugng PG Ién
10, 15 va 20% cho thai gian phan tan tuong tng lan luot
la8,12va 17 phut.

Nhu vay lugng PG dua vao bién tinh bitum cang tang
thi thai gian phan tan cang dai va dat gia tri I6n nhat &
mau PGy c6 thdi gian phan tan t6i da 17 phat.

3.2. Anh huéng cia PG dén phé IR ctia mau bitum
trudc va sau bién tinh

Pa xac dinh phé IR clia cdc mau bitum bién tinh véi PG
& cacham lugng 0, 5,10, 15 va 20% KL, két qua nhan dugc
trinh bay trén hinh 2.
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Hinh 2. Ph§ hong ngoai cia bitum bién tinh béng PG & cac ham lugng
khéc nhau

Trén hinh 2 cho thdy 8 mau 0% PG, tuic la mau chi don
thuan la bitum muc d6 hap thu nang lugng manh nhat
Ung vGi budc song 2918 va 2850 dac trung cho su cd mat
vGi nbng d6 cao cla cac lién két C-H va nhém CH, co
trong thanh phan ctia mau bitum [15]. Trong khi dé & cac
mau 5, 10, 15 va 20% PG thi mic d6 hap thu & cac budc
song nay giam dan va dat gia tri bé nhat la mau 20% PG
(dudng phia trén cung). Xay ra diéu nay c6 thé la do ham
lugng PG cang tang thi bitum cang bi pha loang nén cac
thanh phan ctia mau bitum bién tinh cang thé hién cudng
dé hap thu yéu hon, dac biét & mau c6 chia 20% PG.

Muc dé hap thu quang phd & cac budc séng tudng
Uing 1457 va 1375cm™ dac trung cho su giao dong clia cac
nguyén ti thuéc nhéom CH; va CH;, chiing t6 su c6 mat
cac hydrocacbon no nhu parafin va nhém chat dau co
trong bitum [15]. Mdic dé hap thu yéu dan & cac mau co
chua PG véi ham lugng cao hon.

Nhin chung qua viéc xac dinh phé IR cho mau bitum
va cac mau bitum bién tinh bang PG & cac ham lugng
khac nhau cho thay ching tuong d6ng nhau va chi khac
nhau vé cudng dé hap thu. Biéu d6 cho thay su tuong tac
héa hoc gilra PG va cac nhém thanh phan cta bitum
khong xay ra hodc xay ra yéu. Su xuat hién mot sé peak
khong theo quy luat trong mau PGs (Uing vGi mau 5% PG)
trong khoang budc séng tu 1000 dén 1500cm™ va
1740cm™' ¢6 thé 1a do mau PGs xUr ly chua sach nén ton tai
mot s6 tap chat co trong mau.

3.3. Anh huéng ctia PG dén diém héa mém ciia bitum

Diém héa mém clia bitum dénh gia kha nang lam viéc,
phan loai, ton trlt, ddng thai canh bdo kha nang lam viéc
clia bitum & nhiét dé cao. Pa xac dinh diém hdéa mém cda
bitum trudc va sau khi bién tinh bang PG, két qua nhan
dugc trinh bay trong hinh 3.
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Hinh 3. Anh huéng clia PG dén diém héa mém cla bitum

biém héa mém (°C)

59.5 o4
| I l

PG10 PG15 PG20

Két qua trén hinh 3 cho thdy, PG c6 anh hudng I6n dén
nhiét d6 hoa mém cua bitum. Cu thé khi cho PG vao bién
tinh bitum & cac ham lugng lan lugt 1a 0, 5, 10, 15 va 20%,
tuong L'fng vdi cdc mau PGo, PGs, PGig, PGis va PGy dlém
héa mém tang lén tuong Uing 51,5; 53; 56; 59,5 va 64°C.

Xay ra diéu nay la do ban than PG la chat ran, cé thanh
phan chinh la CaSO4 & dang bét min vai kich thudc <
45um nén chung nhu mét chat gia cudng cho bitum va
lam cho bitum tr& nén quanh hon, dan dén lam tang diém
héa mém. Véi viéc st dung 20% PG vao bién tinh bitum
lam tang diém héa mém tir 51,5 1én 64°C, déng thai gidm
dugc luong phat thai dang ké va gidm thiéu dugc hién
tugng vét Iun banh xe khi nhiét d6 tang cao vao mua he
néu dinh hudng st dung bitum trong nganh giao théng.
3.4. Anh huéng ctia PG dén d6 kim lin cta bitum

Muc dich ctia nghién ctu nay nham kiém tra dé quanh
cUa bitum trudc va sau khi bién tinh bang PG. D6 quanh
clia bitum dugc biéu thi bang dé kim Iun tinh bang phan
mudi milimet ctia kim tiéu chudn xuyén thang ding vao
mau trong diéu kién cho trudc vé nhiét do, thai gian va
tai trong quy dinh. Ba nghién ctu dnh hudng ctia ham
lugng PG dén dé kim lan cla bitum, két qua nhan dugc

trinh bay trén hinh 4.
40.5
I i 345

PG10 PG15 PG20

60
a4 425
40
20
0
PGO PGS
Hinh 4. Anh huéng clia PG dén do kim ltn cGa bitum

Két qua trén hinh 4 cho thay, khi dua PG vao bién tinh
bitum lan lugt véi cac ham lugng 0, 5, 10, 15 va 20%

Do kim l4n (1/10mm)
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(tuong Ung véi cac mau PGy, PGs, PGio, PGis va PGy ) d6
kim lin giam tuong Ung lan lugt la 44; 42,5; 40,5; 37 va
34,5 (0,1mm). DBiéu nay cho thay ham lugng PG cang tang
thi d6 kim Iun clia bitum cang gidm, véi muc giam nay
cho thady hén hgp bitum sau bién tinh quanh hon. Xay ra
diéu nay la do PG dong vai trdo nhu mot chat dén gia
cudng co kich thudc pum nén khi phan tan vao hé bitum
da lam cho bitum quanh lai va dong thoi giam d6 kim lan.
3.5. Anh huéng ciia PG dén dé bam dinh véi da cta
bitum

Kha nang bam dinh vai da c6t liéu cta bitum la mot
thong s can kiém tra nham danh gia muc do két dinh ctia
bitum trudc va sau khi bién tinh. Ba nghién ctu anh hudng
clia PG & cac ham lugng khac nhau dén d6 bam dinh véi da
clia bitum, két qua nhan dugc trinh bay trong hinh 5.

Hinh 5. Anh huéng cia PG dén d bam dinh véi d4 cta bitum

Két qua trén hinh 5 cho thay ham lugng PG vao bién tinh
bitum c6 anh hudng dén kha nang bam dinh véi da cét liéu.
Cu thé & mau tréng khéng bién tinh (PGO), c6 d6 bam dinh
vGi da trung binh, mang bitum boc hau nhu toan bé bé
mat vién da, déi cho bi bong troc day méng khac nhau va
déi chiéu véi tiéu chudn TCVN 7504-05 thi mau PGO dat &
muc cap 3.

Trong khi dé & cac mau c6 bién tinh PG véi cac ham
lugng tang dan 5%, 10%, 15% va 20% cho thay bé mat
vién da trong béng min hon, mang bitum déu bam
nguyén ven, boc toan bé bé mat vién da, khéng c6 diém
bong tréc va déi chiéu véi tiéu chuan cho thay cac mau déu
dat & muc cap 5 la cap cao nhat.

4, KET LUAN

Tan dung ngudn thai phosphogypsum (PG) tai nha may
san xuat phan bén DAP1 - Dinh Vi vao viéc bién tinh bitum
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la mét giai phap hiiu ich nham gidm thi€u phat thai ra moi
trudng, déng thai tang tinh én dinh cla bitum. Két qua
nghién ctiu cho thdy, khi st dung PG vao bién tinh bitum &
cac ham lugng 0, 5, 10, 15 va 20% KL lam cho bitum tré nén
quanh hon théng qua diém héa mém tang tir 51,5 dén 64°C
va do kim 1un gidm tir 44 xudng 34,5 (1/10mm). Bitum sau
bién tinh bang PG & miic 20%, cho diém hoa mém tang lén
va do kim lin giam xudng, rat thuan lgi cho viéc dinh hudng
Uing dung trong nganh giao théng, do gidi quyét dugc hién
tuong vét Iun banh xe gay hu hong két cau mat dudng vao
mua hé. Déng thai khi cé mét PG lam chét gia cudng & kich
thudc um da lam cho bitum c6 kha nang két dinh véi da cét
liéu t6t hon thong qua viéc xac dinh dé bam dinh véi da tu
cap 31én cap 5 la cap cao nhat.
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