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kim loai ché tao bang phwong phap tang soi

Twong Thi Nguyét Anh’, Tran Hung Thuin, Nguyén Thu Trang, Thai Thi Xuin Trang, Uong Vin Vuong
Trung tam Cong nghé Vit liéu, Vién Ung dung Cong nghé
Ngay nhén bai 1/11/2017; ngay chuyén phan bién 6/11/2017; ngay nhan phan bién 13/12/2017; ngay chép nhan dang 20/12/2017

Tom tit:

Trong nhitng nim gin diy, phwong phap phi nhua nhiét déo bing k¥ thuit ting sdi dwoc chi y nhiéu do dwoe
danh gia l1a than thién v6i méi trudng, thuin loi trong viéc tao 16p phi tinh nang cao cho cac san phim ky thuit c6
hinh dang phirc tap. Trong nghién ctru nay, lop phu Polyamit 11 (PA11) bao vé be mit thép CT3 dugc ché tao bang
phuong phap phii nhya ting 501, ciac danh gia Ve anh huo’ng ciia mdt s6 théng so cong nghé co ban nhw nhigt do dot
néng mau, thoi gian nhiing miu, toc do dong cap khi dén tinh chit dac trung cua l6p phu nhw do day, d9 nham, kha
ning bao vé chdng in mon kim loai di dwgc khio sit. Két qua cho thiy, nhiét d9 ciia mau thép truée khi phii nhya
nam trong khoang 220-350°C 1a phu hop ddi véi viée ché tao 16p phii bing nhwa PA11. Cac miu thép dwoc dot néng
trong khoang nhiét d9 trén déu dat d9 day 16p phii tdi da trong khoang thoi gian 12-15 gidy, trong d6 miu thép cb
nhiét Ao dét nong & 250°C véi thoi gian nhiing trong 12 gidy cho d day 16p phit dong déu. Toc do dong cap khi toi
wu cho méu thép c6 nhiét dp dot néng & 250°C 1a 0,04 m/s. Tién hanh thir nghiém va danh gia kha nang bio vé chéng
an mon cua cac lép phu bang phuong phap phun mi mudi trong thoi gian 120 gio' cho thay, 16p phu nhua PA11 ché
tao bang phuwong phap tang s0i giir dwge d§ 6n dinh va cho kha nang bao phi, bdo vé kim loai tot.
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s6i. Khi cac hat bot bam 1én bé mat mau kim loai nho nhiét
o san s& chay ra, tao 1én 16p pht bao boc vt liéu. Lép phu
nay dugc hinh thanh mét cach rat nhanh chong va dong déu.
Sau khi mau vit liéu duoc dua ra khoi budng phi, luong
nhiét van du dé hoan thién 16p phu cubi cing. Néu nhiét
con du qua 16n, can 1am mat mau vat lidu trude khi tién
hanh kiém tra, danh gia. So véi cac 16p phu truyén thong,
16p phu nhya nhiét déo cho thdy wu diém rat 16n vé d6 dong
déu cua 16p phi, giam gia thanh san pham, loai bo viée sur
dung dung moéi hitu co doc hai, kiém soat tbt thiét bi ciing
nhu qua trinh van hanh thiét bi, giam chi phi nhan cong, bot
nhua da dugc lam kho trudce khi dua vao thiét bi nén c6 thé
tai stir dung nhiéu 1an. Ngoai ra, 16p phu nhya nhiét déo con
¢6 wu diém khac nhu c¢6 d6 bén maéi truong cao, ting kha
nang chéng an mon, cach dién, d& lam sach, nhiéu mau sic
khac nhau, loai bo viéc chdy nho giot, xé dich va cé bong
khi trén 16p phii thanh pham.

Pat van de

Hién nay, cac van dé lién quan t6i moi truong noi chung
va su can thiét phai cit giam ham luong cac hop chat hitu
co bay hoi néi riéng dang nhan dugc sw quan tam ngay cang
16n, dan t6i quan diém chung vé viéc ting cuong st dung
cac loai 16p phu bot bao v¢ kim loai thay cho céac 16p phu
truyén thong [1, 2]. Xu hudéng nay da va dang huéng cong
nghé son phu sap xép lai trat ty ctia cac k¥ thuat hién co,
chu trong vao cac ky thuat tao 16p phu than thién véi moi
truong, trong do 16p phu nhya nhiét déo bang phuong phap
tang soi dang gay dugc su cha ¥ nhd nhimg vu diém von co.

Phuong phap ting s6i phu nhwa nhiét déo dua trén
nguyén 1y vé kha ning nong chay ctia nhwa nhiét déo, k¥
thuat nay kha don gian nhung mang lai hiéu qua rat 1on. Bot
nhya nhiét déo tr¢ thanh *“dung dich s6i” bang cach thoi
khong khi tir dudi day thiét bi thong qua dia khuéch tan,

trong d6 bot nhua da dugc séiy kho trude khi duoc dua vao
thiét bi dé tao “so6i”. Khi khong khi di vao, thé tich budng
chura bot nhya tang khoang 30% so véi ban dau va bé mat
trong nhu dang “s6i”. Mau vat liéu kim loai can phu duogc
nung nong trong 10 nung dén khoang nhiét d6 nong chay cua
nguyén lidu nhua va sau d6 nhung vao trong thiét bi ting
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L6p phu nhya nhiét déo thong thuong c6 do day nam
trong khoang 300-2000 wm va phu thudc vao hai yeu t6
chinh cta qué trinh ting s6i: Nhiét d6 dot nong ciia mau kim
loai trudc khi phu va thoi gian nhing trong hé thiét bi tang
s0i [1-6]. Do d6, viéc nghién ciru hai yéu t6 nay 14 can thiét
d6i v6i mdi qué trinh phii nhya va phu hop voi tung loai
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Abstract:

In recent years, plastic powder coating using the
fluidized bed method has gained a great deal of attention
due to its excellent performance and environmental
friendliness. It has been widely used in the field of metal
coating, especially in the protective film for metal-based
products. In this study, we present the preparation and
properties of PA11 coating layers on steel manufactured
by the fluidized bed method at different preheat
temperatures (220, 250, 350°C) and dipping times (4-
20s). The results showed that coating thickness increases
with dipping time. A high speed of polymer deposition
was observed occurred in the first few seconds of the
coating process and reached a maximum coating
thickness. The results also showed the coating thickness
increased in accordance with the pre-heat temperature.
The surface of coated specimen (preheated at 250°C) with
different airflow rates was evaluated by the roughness
measurement. The anticorrosion of the PA11 coatings at
the dipping times of 5-15 seconds was examined using
the salt spray test.

Keywords: Anticorrosion, fluidized bed, plastic coating,
polyamide PAll, powder coating.

Classification number: 2.5

vat li€u thir nghiém. Bén canh do, tde do dong khi ciing la
mdt yéu té c6 anh hudng 16n tdi viée ché tao 16p mang nhya
nhiét déo nay ciing nhu d6 ddng déu va kha ning bao vé kim
loai cua 16p mang khoi tdc dong cua moi truong xam thuc.

Mot sb loai nhua nhiét déo st dung cho qua trinh phu
bang phwong phap tang s6i nhu polyetylen, polyamit. .. img
dung trén cac vat li¢u nén nhu kim loai, gém su, thuy tinh,
trong d6 kim loai 1a déi twong chinh duoc sir dung trong
phuong phap nay.

Trong cac loai nhya polyamit trén thi truong, PA11 duoc
st dung nhiéu hon do d6 nhdt cua loai nhya nay kha thap,
tao ra 16p phu rat bén, cing, c6 kha nang chong xudc, nut
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gdy, cho san pham c6 bé mit bong, dep. Lop phu tu nhya
PA11 c6 kha ning khang dung moi va hoa chit rat tét, bén
v6i moi truong, do d6 duge ing dung trong nhiéu linh vuc
clia cong nghiép ciing nhu doi séng, dic biét hién nay 16p
phu nay da va dang budce dau dugc ing dung trong bao vé
kim loai khoi tac dong ctia moi truong cd kha nang an mon
cao nhu méi trudng nude bién [1, 5, 7]. Trong bai béo nay,
ching toi sir dung nhya nhiét déo polyamit PA11 dé tao ra
16p phu bao vé bé mat cho thép cacbon va nghién ctru anh
huong ciia cac théng sb: Nhiét o va thoi gian nhing phu
dén do day mang phu va danh gia so bo kha ning bao vé
kim loai trong méi trudng dn mon.

Vat liéu va phucng phap nghién ciiu

Vit li¢u

Vit liéu nén: Thép CT3 c6 kich thudc cac miu 1a 10 x
40 x 5 (xuat xat LB Nga). Trudc khi dua vao thu nghiém,

cac mau thép dugc 1am sach diu m& va tay gi trén bé mat
(TCVN 8790).

Vit liéu ché tao 16p phi: Nhya PA11 ¢ dang bot véi kich
thude hat 100-130 pwm, nhiét d¢ nong chay 190°C (xuat xir
My).

Phuwong phap

Tinh chat 16p pht nhua nhiét déo dugc thir nghiém
va danh gia theo cac tiéu chuan: P9 day 16p phu (TCVN
9760:2013), d6 nham bé mat (TCVN 5120:2007), thu
nghiém mu mudi (ASTM B117).

Thiét ké hé thiét bi va quy trinh phii nhwa PA11 lén bé
mdt kim logi

Phurong phdp tang séi: CAu tao hé thiét bi tang so6i co 3
phén chinh, bao gom: Thiét bi cap khi, thi€t bi tang s6i, thiét
bi diéu khién (hinh 1).

1: Thiet bi cﬁp lchi

2: bong ho do ap suat khi
3: Van khi

4: Buong chira khi

5: Bia chia khi

6: Buong clura hat nlura X
7: Hat nhira 13 "
8: True X cia thiét bi diéu khién
9: Bong co bude

10: Truc Z cua déng co

11: Bdng co quay %] .
12: Méc gin mau ;}){;{;:‘ e 6
13: Bang dieu khién dién tor !:7' y

14: Mau vat liéu phu

Hinh 1. So db hé thiét bj phii nhya tang sbi.
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_Qua trinh phu nhya PA1l duoc thuc hién nhu sau: Céc
mau thép sau khi duoc xtr ly va 1am sach bé mit dugc dot
nong trong 16 dot H¢ thlet bi tang s6i dwoc cai dat thong 5O
trén h¢ di€u khién bao gdm: Hanh trinh di chuyen toc do di
chuyen thoi gian quay... M6 van khi trén thiét bi cap khi,
diéu chinh toc d6 dong kh1 dua vao thg)ng qua dong ho do
dén khi nhua trong buéng chtra “s6i” on dinh. Sau khi dat
nhiét dg thich hop cac mau duge dua ra khoi 10 dbt, giit ¢b
dinh trén moc gan mau va di chuyen vao buong phu nhya
ctia thiét bi tang s01. Thoi gian phu nhya PA11 cho céc mau
thép dugc cai dat va diéu khién trén bang diéu khién dién
tu. Mau thép sau thoi glan phu dugc dua ra ngoal lam mat
va tién hanh cac danh gia bé mit ciing nhu danh gia 16p pha
thu duoc.

Két qua va thao luan

Anh hwong cua qua trinh dét néng mau thép va thoi
gian nhung den d¢ day lop phii

Bién thién nhiét @ ciia mau thép theo thoi gian:

Nhiét d6 mau thép trudc khi dwa vao budng phu 1a mot
trong nhitng yéu té chinh anh huéng t6i sy phan bd do day
va do dong déu ciia mang phi. Do do6 viéc xac dinh diém
nhiét d6 d6t nong mau thép phi hop 1a yéu cau can thiét khi
nghién ciru phu nhya PA11 bang phuong phap tang soi.

Do khong khi trong 1o dbt thuong dat nhiét d§ cao kha
nhanh, nhanh hon so v&i phén vat liéu kim loai can phu. Do
d6 dé xac dinh cac diéu kién t6i uu cho qua trinh van hanh
hé thiét bi phu tang soi can xac dinh dudng lién hé giira cac
yéu tb thoi gian, nhiét do cta qua trinh phii. Hinh 2 biéu
dién qua trinh ting nhiét khi dot nong trong 10 va qua trinh
giam nhiét sau khi dwa ra khoi 16 nung ctia mau thép.
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Hinh 2. Nhiét d6 mau thép theo thoi gian dét néng trong 10 va
qua trinh giam nhiét sau khi dua ra khéi lo.

Tir dd thi nhan thiy, dudng bién thién nhiét d6 cia mau
thép & cac nhiét do déu co dang tuong tu nhau va déu dat
dugc nhiét dd mong mudn sau thoi gian 30 phut dbt nong.
Sau 2 phiit dwa ra khoi 10, nhiét d6 cac mau déu giam khoang
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30°C so véi nhiét d6 ban dau (220-350°). Do d6, khi phu
nhua nhiét déo 1én bé mit mau thép can tinh toan, lua chon
khoang nhiét do phu hop vdi loai nhya st dung, tir d6 lam
cin cir dé tinh toan va thiét ké khoang thoi gian thich hop
cling nhu quing dudng di cia mau tir 10 ddt toi budng phu.
Nhiét do noéng chay cua vat li¢u nhya PA11 1a 190°C, do do
lIua chon ba nhiét do phu hop cho cac thi nghiém tiép theo
1a 220, 250 va 350°C. Cac nhiét d§ nay déu cao hon so véi
khoang nhiét do néng chay ciia nhyra PA11 it nhat 1a 30°C
nham lam giam do chay nhét cua vat liéu, giap qué trinh
hinh thanh mang bao phu bé mit kim loai dién ra thuan loi.

Anh hwéng cua thoi gian nhiing:

Qué trinh nhung lién quan dén sy chuyén pha cta vat
lidu polyme phi1 1én bé mit kim loai. Mot sé thong sb co anh
huéng t6i qua trinh nhing trong phuong phap ting sbi bao
gdém: Thoi gian nhung, chuyén dong nhung trong hé chuyén
dong, luc tac dung ngang doc, chuyén dong cua bot nhya.

Trong phan nay, d nghién ctru anh hudng cia nhiét do
dbt néng trudc ciia mau thép t6i do day mang PA11 theo
thoi gian nhung khac nhau. Mau thép CT3 duoc dbt nong &
cac nhiét do 220, 250 va 350°C trong thoi gian 30 phut va
thoi gian di tir 16 d6t t6i budng phi 1a 15 gidy dé it ton hao
nhiét nhat.
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Hinh 3. Do thj do day mang phi theo thoi gian nhiing & cac
nhiét do dét néng mau thép khac nhau.

Do thi hinh 3 biéu dién do day mang phu PA11 thu duoc
& cac nhiét 6 dt nong khac nhau theo thoi gian nhung. Do
day 16p phu polyme trén bé mat mau thép phu hop voi dir
lidu trong cac bai bao di cong bd [8-11]. Thoi gian dau, sau
khi nhing miu thép vao hé thiét bi phi (dudi 6 gidy), toc do
hinh thanh mang rt nhanh. Sau d6, trong khoang 6-12 gidy
tiép theo tc do hinh thanh mang cham dan, nguyén nhéan
l1a do viéc 16p polyme hinh thanh truéc d6 da dong vai tro
1a 16p cach nhiét, dong thoi nhiét do trén bé mat mau thép
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cling da giam di dang ké. Sau thoi gian 15 gidy nhing trong
hé phu, d6 day mang khong tang 1én & cd ba nhict do da thu
nghiém, didu nay dugc giai thich 1a do nhiét ning trén bé
miat mau lic nay da khong con du cung cip dé 1am nong
chay céc hat bot nhya bam trén bé mat mau phu. Tir hinh 4
¢6 thé thy, d6 day mang phu tdi da ¢ nhiét 6 350°C khong
¢6 su khac biét qua 1on so voi mau ¢ 250°C nhung lai 16n
hon kha nhiéu so v6i mau & 220°C.

Quan sat 16p mang phu dbi v6i mau thép dugc dét nong
& 350°C cho thrfly, cac mau déu c6 mau ¢dm hon so véi mau
bot ban dau ciing nhu so véi hai mau thép duoc phu ¢ nhiét
d6 220 va 250°C (hinh 4). Hién tugng nay ching to nhiét do
ctia mau thép di vuot qua nhiét do nong chay cua nhua va
lam nhya phan hily mot phan khi tiép xtc truc tiép voi bé
mat kim loai. V&i mau thép dwoc phu ¢ nhiét d 220°, xudt
hién mot s6 hat bot khong néng chay trén bé mat khi thoi
gian nhing vuot qua 12 gidy, cho thay lugng nhiét tir mau
lac nay da khong con du cung cip dé lam néng chay 16p
polyme phu bén ngoai.

250°C 350°C

220°C

Hinh 4. Hinh anh thyc t&€ cac mau kim loai phii bot PA11 bing
phuang phap tang sbi & cac nhiét do: 220, 250 va 350°C.

Xac dinh do day tai it nhit 4 diém trén mdi miu va tinh
ty sb gitra d6 day mang 16n nhat/do day mang nho nhat. Két
qua cho thiy, thoi gian nhiing dudi 15 gidy dbi véi cac mau
thép duoc d6t nong & nhiét do 250 va 350°C, dudi 10 gidy
d6i voi miu dét néng & 220°C, d6 day mang tai cac vi tri
khac nhau trén mdi mau co su khac biét kha nho, chung t6
mau thép da duoc bao phu kha dong déu va su khac biét nay
duoc chép nhén theo mot sb nghién cuu da dugc cong bd [9,
10]. Trong khi do, céc thoi gian nhing trén 15 gidy ddi voi
méu d6t néng & nhiét do 250 va 350°C va trén 10 gidy véi
mau ddt nong & 220°C, sy khac biét vé do day cac vi tri do
dugc kha lon va tang nhanh khi thoi gian nhiing phu ting
(hinh 5).
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Hinh 5. D6 thj ty s6 do day mang I6n nhat/nhé nhat cla cac
miu mang PA11 thu dugc theo thoi gian nhing ¢ cic nhiét do
khac nhau.

Céc két qua trén cho thdy, mau thép duoc ddt néng &
nhiét @6 250°C va thoi gian nhiing dudi 15 gidy cho 16p phu
¢6 do day thich hop va do déng déu cao, do d6 cac diéu kién
nay duoc sir dung dé tién hanh cac thir nghiém tiép theo.

Anh hwéng ciia thoi gian, téc dp dong khi dén dé nhiam
ciia mang phii

Do nham cua bé mit 16p phu trén kim loai ciing 1a mot
yéu t 6 anh hudng 16n téi kha ning bao vé cua 16p phu [1,
6]. Khi tiép xtc voi cac moi truong dién ly, cac khuyét tat
hay céc vi tri 16i 16m trén bé mit mang 1a noi tép trung cia
cac fon gdy dn mon va rat ngin duong di cua cac ion nay
t6i ranh gidi phan chia gitra 16p phu/bé mit kim loai va ddy
nhanh qua trinh pha hiy kim loai [12].

hinh 6 biéu dién d6 nham trung binh cta cac 16p phu
PA11 dugc ché tao & 250°C theo thoi gian nhing tir 3-15
gidy véi cac toc do dong khi khac nhau: 0,02; 0,04 va 0,06
m/s. Nhan thdy ¢ thoi gian nhing dudi 5 gidy, d6 nham
trung binh cta cac 16p phu kha thap. Tuy nhién, khi thoi
gian nhung ting 1én, chi c6 miu dugc pha véi toe do dong
khi 0,04 m/s cho d6 nham trung binh bé mat kha déng déu,
con mau thi nghiém véi hai tde do dong khi 0,02 va 0,06 m/s
c6 d6 nham bé mat tang 1én rat nhanh, dic biét 1a & tbe do
dong khi 0,06 m/s. Két qua nay co6 thé dwoc giai thich nhu
sau: V&i mau duoc phu ¢ toe do dong khi & 0,02 m/s, do tde
d6 cac hat nhya bam trén bé mat thép kha cham nén khi thoi
gian nhiing mau thép cang 16n, nhiét luong téa ra qua 16p
nhya hinh thanh trude d6 da giam dang ké va khong con di
dé lam noéng chay cac hat nhya bam vao bé mat thép. Trong
khi d6 véi toe do dong 0,06 m/s, tc dd hat nhya 1én bé mat
tam thép lai qua nhanh din t6i viéc khong du thoi gian cho
tat ca cac hat nhwa bam vao bé mit thép kip nong chay ciing
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Hinh 6. D6 thi do nham cac mAu I6p phii PA11 ché tao & 250°C
theo thoi gian nhing & cac téc do dong khi: 0,02; 0,04; 0,06 m/s.

truyén nhiét luong cho cac 16p nhya tiép theo bam dinh 1én
bé mit. Chinh su nong chay khong hoan toan cta cic hat
nhua bam trén bé mit thép s€ lam cho d§ nham bé mit cua
mau thép duge phu nhya ting.

Thir nghiém kha nang bdo vé kim logi

Kiém tra kha ning bao vé kim loai cta 16p phu trong
diéu kién thyc té bang phuong phap mi mubi. Cac mau thép
pht PA11 ché tao & nhiét do 250°C, thoi gian nhing la 5
gidy, 10 gidy, 12 gidy va 15 gidy duoc dit trong ti mi mudbi
(hinh 7).

(@) (b) © (d)

Hinh 7. Hinh anh sau 120 gio thif nghiém mu mudi cic miu
thép phid PA11 ché tao 6 nhiét d§ 250°C trong thoi gian nhing:
(a) 5 giay, (b) 10 giay, (c) 12 gidy, (d) 15 giay.

Céac mau duoc dua vao trong moi truong tiép xtc véi
dung dich NaCl véi thoi gian thir nghiém lién tuc 120 gio.
Hét thoi gian thir nghiém theo tiéu chuan cua phép do, cac
mau déu khong co hién tuong dung dich dién ly ngdm qua
mang, bé mit mau khong thay xuét hién diém gi nao, ching
to kha nang bao v¢ kim loai trong moi 'mr(‘)'ng dién ly cua lop
mang PA11 ché tao bang phuong phap tang soi c6 thé dap
{mg duoc diéu kién lam viéc thyc té.

Keét luan

Nhiét d6 thich hop cho phii nhya nhiét déo PA11 1én bé
mit thép CT3 12 220, 250 va 350°C, mau dugc phil nhya sau
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khi dura ra khoi 10 nung trong khoang thoi gian 5-10 gidy dé
dam bao qué trinh mat nhiét ra ngoai khong khi 1a nho nhat.

Thoi gian dat do day tdi da dbi v&i cac miu & ca ba nhiét
do6 trén 1a tir 12-15 gidy. Trong d6, do day mang tdi da cia
16p phui ché tao & 250 va 350°C twong duong nhau va cao
hon so v&i 16p phi ché tao & 220°C. Khao sét ty s6 do day
mang cao nhat/dd day thdp nhat cho thay, thoi gian nhing
dudi 10 gidy ¢ 220°C va dudi 15 giay ¢ 250°C va 350°C la
phu hop.

Khao sat anh huong cua toc d6 dong khi tdi do nham bé
mit trung binh cua cac mdu mang PA11 trén bé mat thép
CT3 ché tao & 250°C cho thay, toc do dong 0,04 m/s 1a phu
hop cho ché tao cac 16p phu véi bé mat dong déu va bao vé
tt cho kim loai.

DPéanh gid kha ning bao vé kim loai trong moi trudng gia
lap bang phuong phép thir nghiém mu mudi cho thiy, mau
thép phu nhya PA11 bang phuong phap tang sbi bén viing
v6i moi truong tiép xic lién tuc v6i dung dich chét dign ly.
Sau 120 gio thir nghiém, bé mat 16p phu khong co nhiéu
thay ddi, dung dich dién ly chua ngdm qua mang, sy an mon
chua xay ra.
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