[ Downloaded from jwsti.iut.ac.ir on 2026-02-27 ]

u!{! U’AZ;’ U /)C’.) r}“

19—32 ng\?)gg QLL...QU})L@.: 51 eJLa..ﬁ gr;'..& de gg|ﬁ| L;)Lg.ﬁ? L;)}Lb}r}\ﬁ 4.1,.2.4

S wod Ll (SOl ol g5 S P58 58 5ldly, 03 S oS sbes 3L

e 4l 5l sldas

fi ol e Cr st el Lasl3T 5 K Lo, e sl ST e

.leJl gJ.JJJ g.)\i.@.v.r JM e&iﬂ} g}l}ﬁ L;wJu.@_A DA ]S -1

(1398/10/22 : ir 5, 3, 1398/00/04 1uJtae =il ,5)

0 S

SIS 5 3Ll 3 G nl 3303 pesn T Slas Sl o (S CehS 53 lediS nd B Sl 038 i gles
bl Ol s Jlesl bl sl eslizad (ganST &Y Gl glae 40 580 °C b alaiis L KAIF, 5 KAAIFsH0 56 55 5l (S
Jels Jlasl 300 °C (sles 53 a8 us edaliiie ( Jsons 1 denas| s 380 °C 300 °C 220 °C slales s Ol 03 S Sis 5 ankd (g,
a>U ;330 MPa34 MPa 5 4 &, Pl 380 °C 5220 °C slables ;5.1 o cowdb 44 MPa o 25 o SYL Lol an
Sl 3yt o s o il 47 o 055 U8 0k J 25 a2 380 °C (sles s il 055 Kt T s 4y Sl
%3/2 550> )'l)j_?l..pbc&.,iéjlsred i Ol S s A g L 55300 °C (gles s 3Ly 058 Sir LLas 39MPaw i,

23l ials %0/6 «

ok -M;T {NOCOLOK®) S 58 & 5Ll LW}JT Coe (S [ S SladS

Effect of NOCOL OK® flux dry-off temperature on brazed joint strength of
aluminum-based heat exchangers

S. A. A. Hashemi Milani*, R. Tavangar*, M. Azadbeh?, I. Kahinpoor?,
H. Sadeghi-Nasab®
1- Faculty of Materials Engineering, Sahand University of Technology, Tabriz, Iran.

2- Iran Radiator Co., Tehran, Iran.
(Received 25 November 2019; Accepted 12 January 2020)

tavangar@sut.ac.ir | g Sl g oJ gis okins 5 *



mailto:tavangar@sut.ac.ir
https://jwsti.iut.ac.ir/article-1-293-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2026-02-27 ]

Abstract

During the brazing of aluminum-based heat exchangers, the flux dry-off temperature plays a crucial role to get sound
joints with maximum strength. In the present study, the NOCOLOK® flux consists of two phases of K,AlFs.H,O and
KAIF, with a melting point around 580 °C was used for brazing AA3003 as base metal with a clad-coating of AA4343
asfiller metal. The durry was applied on the joints and they dried at 220, 300 and 380 °C in air. The tensile shear test
revealed that when the slurry dried at 300 °C, the joint withstand maximum shear stress of 44 MPa without defective
features. At 220 °C and 380 °C, joint shear stresses were 34 MPa, 30 MPa respectively. However, drying at 380 °C
under protective nitrogen gas enhanced the shear strength of up to 39 MPa. Having applied a change in current dryer
temperature in the factory from 360 °C to 300 °C reduced the percentage of heat exchangers leakage from 3.2% to

0.6%, approximately, on aweekly basis.

Keyword: Brazing of aluminum, NOCOLOK"® flux, Aluminum-silicon.

Slix (2 Glsly,y Bl jluis Gl cy 1n Jhas
o S (B Jgame el 3 5lilsy liss 038

Ladis o S (4005 20 38 jaud| o
Sl el (o s e OLES Gl il 2 S03
50k D (5 e sles Jols (IS e AuT b S
Sy i dlal (SOlSe (ol al 5B sla S
L 38 ey S o) LB S5 i 4
ol sladias sl 5 24343 iS5 ol ol )l
Ol Sl Ly aS cul esls O eise I a0l
L ol an slassl sdiy e w0 S e (slos L3 (501345
A e 5 IS (e 35 gl S8 53 eS8 Ole B4
il Jowe 55 SIS Clle 550 3 s dlasl plSomzal 2alS
et LS A el 0l Sk G 51 [11-9] s s e
oS b S 5l sl U gladils Jls S 3L s
b el mi slag e sy e @ al U e
AL o als Jlasl a5 sliladl Sl Ol oS sl S
55 8 Ks Sl sl e Sl alS 4 e
s o Sadils 255 4 Cad 0l ellS sladils 5
23 s sl Ol Gl bl o by 5 jltlg s s
Jiasl S ) o3 S b 51 [12] 55 e JLail Joma
S0 03wl Bl S e Ll ) J5 30
oALS Il Ol e 0 e )8 Ol Sl 531 L oS 5l 0L
e S ay 5wl S e b (olLL et s AL e
S I s apdpp eS8 et S S el @

et sy 5B s Sl pde Lo w0l 5 e S Ol o

dodie =1
ol als s 03 Ll s a e T a5l
5o S e oml S 5V (Sss 4 caslie o
[3-1] s e sl 5o~ adde ol o &
¥ Jols lpee ol sladiie 3 oslizal 3550 sLa
sAxxx L= (dad) iS5, L 3xxx g ST Lol
BNK (§ o 35 a1 ST e TxxX Sl 25 5,
5 Sl a0 S Sllas BB 2 a3l <
5> AlMNFE) Sl sy o 5l 50 O iy oS
ol 58 Ole o 53 ST ol 1l e Sl
[4] s 0 oslinal 5l laddee bl s ksl G
SR P P WV PR PV ST JE PR
(b i s I o S 5 L 555, S ol
S35 5 GoS e Gles 5o el 5 5 el g 4343
Sl e T072 (g5 5m a1 leord S 5 L s
oS 3up0 dnlp ey wly 5B 6o Saup 4 Zuslie
b ol sladice 1) 5 s [1-5] s s e sl
5 st Uy loysS 55 d A3 51 L gus e
Jlasl cg (NOCOLOK® flux brazing) S 4 5 5Ll
obe 5l S 5 SIS 8 5Ly, [8] 35 e eslinad Ll
KAIFs glajl aeS o ul 55 Sslim o alumias 1
olsp b s o LSCE5 ol ol slasls KoAIFsHO
33 Ky 0555 3 ol sladdes LS e Al
4 s ol o oliewlsa s esls 0lis (1) s

SFL B a5 Sl S G2l (Ll ds e


https://jwsti.iut.ac.ir/article-1-293-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2026-02-27 ]

i

(") /-'I-\ (£)

M (Y)
(] t
g e _,ATp
{<<C< Vor Cx g ghs T 2
PO 6000 et e Loy e o€ g
€888 £0°C ot ek L 0 20 6 /,
A e 2000 5555
A | ] J | | ( ] ( ] l ] | |
==
TS e h
Gl ladis .
ks Jhasl by e | i 0 8 S Gl i Gl 0 S e s
Sty g LA Sy A
g2
PIVEV IRt P PYY 050 B Bags 0dd J 25 el a5

Sl sl nu;.md_dwjﬂdu),;g;b@w@\sﬁs Al olsp b -1 )5

sl sy s eslaul gl 0y S 15-1 O o b3 el
256305 oo D3 ol b glays sy 5 5 il
Aol 03 et lin S g5 3 ealinal (gl 05,80
o Gludly, Sl ag Sle w5 RSL Sy, 0
s g dib e BL O seilw o I s SYVsb Ol
Ao ea S ol b aen Sy 5 Lsd e sl
Jlasl (Sl i (555 4 Kibo gy ptomes Ly (Sl
Sis oy o3 edlial Gl sl onl 5y cpl 51 L5 e

17 5 16] wWlows acn
S e 5o SIS 5 5Ll e b Sos38l 6 e
(S S 53 e 035381 45 el e2ls QLS L
oy 1°-U)—~5%A—:515 352 slasludly, 0SS 5
S e e 53 etk = g AT S5 g S 5 o
el 2S5, 05 | 4l 50 015 e Selod ol s e
o SHS P Sl S 5 s i D3l (e 3 S
SALL CdS s 5 gleS Y G s Jse s Ses
Sl eslial [18] il sas o (IS e Sl Ay Solala
33 03 Sy s ol pan a slidly, 5 ediS 5 5l b gl
Sz o35 S0l Jdes Slomds A5 gt 4 (230
23 35kl lesey 5 0 ST Ay o Jlasl b 0
e e die S5 b i 3 el

iyl

1- Salf-reactive flux

35 am s an ol Sl il I8 s eSS 354
0> Pl Ol 5 0l 5 b placd oS 5k 4 e
0 s [18] st e S e sles 3 e
0Lz 3003/4343 b 5 g5, Sl Sl Slles
e 53k (Gl ol Slbes glos (1L &S sl
(P GalS a3 5 Laadls Rl 8l slas 4 e
Jab sl Jialydl 55 5 (oS a5 ks oot
JS5is sl (550 Sldas pl il el 4L L
L] ezl Sl 36 T Ol 5 o

(S ol Jals SO ol 15] 01 5 JIS
srlesly 0 SOl add dlasl a5 (Koot ol
o iS5, L3003 anly 55 ol s slos i L L
S5 aallas 3 5e i liss slacaln s 54045 54343
rt 9 Shes SRl Ly sl OLES Gl cnl gl ilesls
Sl oSty Cnl 4l a8 S ol
Sty Sl (S AT e 53 o e e
Loz 53 Ay 3gms izt oSl 0l St oSt
g g (S Sl 53 i 3l el s e
Gladin LS ol 03 28 5 ke SIS S0
Sl il 38 oo )3 eslinal )50 e I 0l 51
el KoAIFs.H0 5 KAIFS 56 55 s 355 b oS 5 5o
sladdas (LS ed o ealiul Cgr o Sl o3l
Sl 5 b Sl Ol e 0 Sl >
S Gl S ol Glojms el Jlesl mhans 5Ll


https://jwsti.iut.ac.ir/article-1-293-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2026-02-27 ]

IEE U ERTEC S 7/ RPN PR T R SCH PR
oy Coaslie odoS s TOT2 s 2555 5 (6)lS e
4343 S Il war 5 bl amio S,
Sk ss s Gl old bl (Saspt g pslis 2S5 Jla]
SAS e T3 53 0diS 5y 35 2S5, Y 53 Ll b
el 5B plerd oS e SIS SIS gy e
il 05 03,551 (1) s 3 0T sla iS55 ol jan

o KAIFsHO 5L S™6 S 5 L S JS 5 5Ll
35 SdenST N Gl glae & KAIR, Lile 5 %20-3001 5
Jols (oS e a1 3 [19] s eslinad (618 wd (Lo
Lol Cilzses o1

(bl 5 1530 b e (s3luoslel (1

53 ou;;&;}-)du\cbﬁjub) cless Jlesl (2
ds ol gl S w4 Rl Ol e calises (gla jiued] 5 Lo
G 2 10g/M? Ol se 4 0as S 51 e 5Ll laie B
Ll Sl eSS Y S g 4 s s B
DS fealdl S g3 0,58 513 53 S (508 0d (3
s> $99/99 o= s 1S mimin s b ods 2o 58 el
s Sl ke 4 gl sladde sl 08 5 S
Lot s 01 Sopaaes 0T o3 cus by s phs 5 Jo
3,8 o s i 1O US s Sl s sl ad
10 0Ly 03,8 i glabes aan gl 5 G opl 53 oS
SOS e Gl ar Gl pramen ol o Jlesl adds
Ol ol 458 8 5 dal G 60545 °C e T (sl 5Ll

J{\‘_ a3l L

S G Sl I o LSV 3 4 S shail e
(1) JS 553 Al (S e d e 3 e sla bl
53 5ldlsy 00,8 Sl slas U 5 Cnl ea s S et
(1) U s ol 8 S5 13 x5 3550 Jsans el
iz alg glos bw s (S el 05 4 (53505 sles
VU el 50T iy gles 5 055 e J xS 05 S
Cel Wl o gy o8 Slod Jlasl oS 1 el Sl 5
3o e b Bl L5 L 5Ll plend S 50 kS
a5 3L coss | ST 4Y Gl s 0 5 S
sl a8 s s SOl sladde WS s s 42
Dbrs oS e, Sl slaas ey (pl ks L aS 5,8 2al Ol

S o S o (&S e 3l oy
03,5 Sl slas 50 s & GS ol 53 so0n!
oSl 1 OF B 5 il s Shas S8 5 5Ll
Se o) st Ll b dal o el od Sl
ol (Gilwand IS o 5 LS s 2 5Ll 5o L
bl Dlallae .y plonil oMLl s sl 5
o) AU et oLl eVl o, Sl ol
ol &l ang Ll b 5o Ly lisly (285 Ol 555 1 Jolse

NG

3RS g, 9 3 g8 =2
oslizal (2) s poles 7072/3003/4343 LY v o ST

4l

Brazed
joint

Vb O a5l 0l ST sladl Il o5 b (5 5535 S5kl oslsp b (-2 S


https://jwsti.iut.ac.ir/article-1-293-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2026-02-27 ]

(‘;}j}.,\..p))wﬁ) 7072 uﬂSJJJ30034{\€jbg4343 ﬁ})))ﬂuﬁw%sﬁ'ld},\z

Alloy/Elements | S Fe Cu | Mn | Mg | Cr Zn Bi Zr Ti Ni Al
AA4343 82| 024 | 025|010 | 003 | 0.05| 0.20 | 0.05| 0.05| 0.05| 0.05 | rem
AA3003 06| 07 | 02 | 15 | 005| 005| 01 | 0.05| 0.05| 0.05| 0.05 | rem

Si+Fe
AA7072 0.7 01 01| 01|005| 1.3 |005|0.05|005| 0.05]| rem
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2- Dynamic light scanning
3- Fourier transform infrared
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