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Laboratory Study for Phosphate Coating on Pyrite Surface for Reduction
of Acid Rock Drainage
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SYNOPSIS : Acid drainage occurs when sulfide minerals are exposed to an oxidizing
environment. The objective of this study was to examine the optimum condition for creating a
phosphate coating on standard pyrite surfaces for reduction of pyrite oxidation. The solution of
107°M KH.PO, 10™M HeO2, pH 6 was identified as the best phosphate coating agent for the
reduction of pyrite oxidation. The formation of an iron phosphate coating on pyrite surfaces
was confirmed with ore microscope and scanning electron microscope equipped with energy
dispersive spectroscopy. The temperature did not significantly affect on the formation of
phosphate coating on the surface of pyrite. However, the phosphate coating was less stable at
higher temperature than at lower temperature. The phosphate coating was quitely stable at
wide range of pH and H:02 concentration. The less than 3.4% of phosphate was dissolved at
pH 2.79 and 10.64 and less than 1.0% of phosphate was dissolved at 0.1IM H20z2. On the basis
of these results, the phosphate coating can effectively reduce the negative environmental of
acid rock drainage.
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WA HY, SO, Fe™' & Adth Fel's 00 9alA Fe¥* 2 Agsan Auz2 $35us o e
%ol A AN H(Nordstrom, 1982). 2712 stab Ao A ool Ho 3dA Fworfo] Az
L2 & pHe 4o g 43842 APk Fornasiero ef al, 1992). 18y A& 08 HAE=
bl ols] }EY g F3o pHrY 350] a2 A" A 89 O Fe¥' o FFx7) F718H Fe®
7t oA FHF A e AEA7ITHSinger and Stumm, 1970). FA A9 A HA F Fe®t o gL oo
Fig=

l

FeS; + 14Fe®™ + 8H,0 = 15Fe? + SO, + 16H" (1D

upebd FAYe) Mok 1) Fe¥ol AH mE DeAoERE FE 48R0V E AA 2) FRA

o=

A, 3) WA 022 AA Al AV YL O 52 BgHoez 31‘&6}0?"1 Agkd 4
A tJaynes et al, 1984; Erickson et al, 1985; Scharer et al, 1991). BA7|H o2 FdM ] A&
93 AHgue 2L AAs] A FEA BW g E Tt 0.9 HEE X
3l ol A¢E AHEvangelou, 1995). Z, A3AE 23l A4
e Fuju AgnsE SN = g A A FA o)A 2
A ¥Ho| wo] FAE 4 JHEvangelou, 2001). o]2A AXNH A
pH #7304 Eof diste] Jdid oz AT Edojn dut FdMe| ¥
W AL dAE RAod oA 7Ee Ay AFe dREE A2vEY
43 FRAA Yol tHEvangelou, 1995; Nyavor and Egiebor, 1995; Zhang and Evangelou,
Evangelou, 2001). Z18jy} PR E AN&EH oz FFile FHEATE e 21E 493 A9y
BAY FHAE AT E Agubio)l A4 AAduigy @] HEdel & o AdAn w
gA B AFdas A 2L JAEy] 9T HutegA viey @ H84 945-E ddstr] 9
A GAEA BEFENL o] 83 AUEE L B3 dto] YAFHE HHY &Y, I 2L &
37, o g8 HF IAE o AL ASsA
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2. Mg E A7 Uy
2.1 EESAAMN LY H YA

Aol AFE-3F EF A M (Huanzala, Peru)2 Ward ScienceAtZ2%-E F43Ith 3371 (pulverisette
1, FritschAb), "l¥-7}(pulverisette 9, FritschAP)E o] &3l i3 A A8 A A3t 63molstE ¢
SEYsta olF A AMgsigict. #FEA T EAsE 4sEE AAS] Akl 0.IN EFE
HCl& AMgdte] Aldgk § olfEF THTZ oA H]’“Jﬁ}oaﬂr. Az AF FHAG g7 HE5E
Axs5l7) st Aa FAG TRz Yo R@sgon), oY RANTE JlEd AL FH.

g g A+ Evangelou(2001)2] FAEF L sty PO4 “EE 107, 107, 107°M, 233HAIQ) HyO,
% 001, 0.02, 0.05, 0.08, 0.1M, pH 2, 3, 69 A& st F 46/0E WEATE AF )&
g Aol 210 % 13 @

2.2 48 9y

¥

FdA 300megd HHFHAA 30mi(LS 10:1)E Ejoldd FAEe] g0 Qo] 24A7F &4 F
BRABIE o]% WAL v AF LA pHE SAsla 0.45m PR FEE o] &3] 7&
& % A(total iron, ©°]3 Fe)?] »E: HACHANY DR/4000U E371Z, 3318 0l&(S0, %)L
DIONEXAFY] DX~100 o] A 2wlE 1y E 0]%0}04 A5 A" g sty ¢t

o
FFAN 07 NAUXImm)E AZsHgh 0.1IN £ HCIE ZH A3H & AAZ &, olAEH
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T2 AFsig. satEn i #Fo] 7Hse HER
ﬁl““’ FAXNZ T A e @2 FEA AHg ¥ ABE ZAatstAld 0.1M He02 58
Ao F7F WA T vkAlE R A2 o Y x| HAHE- G ](EDS ISIS-300, OXFORDAWZF & &d A4
A@u A(SEM, JSM-5610, JEOLADS o435t WL AL Hute] Ult4& Adstr] lste
et A2 FANY HEsiA L FENE 47 A4y FR7) B4 pH 2.799 pH 10.64 &
of Yol 24Xk wkSAIZ & 25 & POCE AT, £ AAH R AFH 820 5188
4T, 70CxAs A Agdy AFL £33 F, Z44E A 4T, 70TEAFNA 0.1M He0, 8-
o] Yol 2427t wkg-A < AZF3A w}waow o g R HAEE Akl wjeto} ¢
3} ol= AXE AAHERAE Lolrr] 95t FaAA H0: 789 FE-EL FHlatal 24413 1
SAZ F A A9 %S NaOHZE HA ko] 313

& Artg F HPIN F@ A¥zUOR
—é—_]__

E L AU 209 0 F £g W A R FAY o2 BE

KH;PO4| H20 Total Fel S0, P04 H20 Total Fe| S04&

No. [N 07 | oH Ol Nel Gy | Noo (KRR TEDT | P | b | G
1 0.01 2 43.52 | 1232.23 24 6 30.17 581.96
2 3 44.63 613.68 25 0.08 2 78.50 | 1493.57
3 6 34.94 363.21 26 3 40.77 731.92
4 0.02 2 41.57 | 1238.08 24 107 6 '48.69 706.58
5 3 50.59 709.77 28 0.1 2 91.61 | 1524.76
6 6 39.19 430.18 29 3 47.35 755.60
7 0.05 2 47.66 | 1336.84 30 6 57.95 741.46
8 107 3 56.57 669.69 31 0.01 2 28.55 | 1442.54
9 6 49.51 494 .23 32 3 2.19 354.71
10 0.08 2 54.36 | 1635.86 33 6 0.12 143.69
11 3 62.84 721.87 34 0.02 2 29.75 | 1260.93
12 6 62.43 579.44 35 3 3.51 503.15
13 0.1 2 60.92 | 1596.43 36 6 0.05 124.03
14 3 67.38 766.12 37 0.05 2 36.29 | 1465.29
15 6 64.88 607.71 38 1072 3 6.51 836.83
16 0.01 2 40.48 | 1231.86 39 6 0.69 215.38
17 3 7.10 385.13 40 0.08 2 38.13 | 1600.86
18 6 4.14 345.18 41 3 11.45 | 1017.96
19 1072 0.02 2 42.81 | 1214.02 42 6 0.01 383.79
20 3 10.16 445.69 43 0.1 2 4401 | 1731.94
21 6 17.79 466.72 44 3 12.39 | 1049.12
22 0.05 2 65.58 | 1319.05 45 6 0.06 512.62
23 3 23.07 575.64

3. 24 ¥ B9
3.1 ms o] FH=A

247 A7 %

' 20E 7 B9 A AH029 =, FYF p A
744E FAN e dAdd F3E AAo= Qs LH e € SO, Hx=7) WEE 7
28U HIY 1a, b) pH 6 ZANA 10™'M KHoPOy &89 A9 w8 T Fetr H0p =W upe}
34.9~64.9mg/L, SO, %= 363.2~607.7mg/L BP0}, 107°M KH2P04 %ﬁoﬂﬁ Fex 0~0.7mg/LE vl
¢ dolgon SO, 2% 124.0~512.6mg/L M E FAFAUHE 1). 107, 107, 107°M A7HA HEe
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50 -~
é H,0, = 0.01M . H,0, = 0.01M "
404N e 1200 o
> *\ - =S 4 e pH 2
£ 307 . — € g0 - o pH3
“ a0 —&-pH2| & & pH8
w8
10 - \ H6 ———o
P T —
e 7 —"
0 T R e e  Sma e e i e T YT TTTTT T
0.0001 0.001 0.01 0.0001 0.001 0.01
KH,PO, (M) KH,PO, (M)
{a) {b)
%07 KH,PO, = 0.01M KH,PO, = 0.01M -
,ﬂ/ 1600 & pH2
= 40 - g Lo~ pH 3|
g, 30 -},/ ~5— pH2 | § 1200 1 - pHB
@ —o— pH3 | & e
.—E 20 ~ e pHB 8 800 A /Q/
& ER—"
10 - 400 1/ /'//.
Y ..”"_'M”//’—
Y L4 T e 8 ' T Y T T T T T ]
0.02 0.04 0.06 0.08 0.1 0.02 0.04 0.08 0.08 0.1
H,0, (M) H,0, (M)
(c) {d)

2% 1589 Yo & 4 2 3Ad ol 5 (a), (b) 107°M KHePO, (0), (d) 107°M H:0:

KHePO, 4902 0|48 4923 $57F 10°MY W Ferl 0.lmg/L ol87hx gastgor, of o3
KHPOl 558 27448 2% 4939 a38s ddd gosin g #de pos o g 2%
Qo] SAHER, ¥ AP AFgel HEAL nAY b HHe) KHPO, FEE 107MOI v
Evangelou(1995)& F449¢ BaiA H:0:8 #7M8HA & KHPO, §947to2s 2449 %9
2ANY Hol AHHA B3¢ FASAT. AAND WS YA S8 BP0 G sk
AL GpHoju, o] AstAe] & Fa oo FAMo] ARIA ¢EF st AAFRE U0l
b 107M 2 10°M KHPO, $90lME BE H0; $EolA pH ##o] & Fe ¥E9 Hol7t
FR8A BFOHE 1), 107°M KHePO, §90)4] Fedt SO, % B pHEUNAM H0: =7} Fa®
F2 o] gasts AL HYor, 53 pHE 628 2ARAL AAEEE YT, ¢, d).
Zhang and Evangelou(1996)% pH4~6o14 v|A & 41842 4(Fe(Ot)y0] F3 Mo Eo 4 H
o} Ho0p¢l AFE welgtoz 3o dgtg Aggcts »usych el $448 oj&o] 2o
WAL FaAA sl gald ¢ Y (Bvangelou, 1995), £ AHME sbeAlol ekt o]
DAL 27)o] pH 6202 FHsG o} Wgol By AFdM FHT dFE pHE 44~5.2
AP HE gel vzt B¢t pHYY 2AEA FHAHA 297 WEold. ARHer &
pH ZZojAe Fastducg F2 dQ39 Pl ooy Aoz sxdy. f9f duE
ot B dgels AAe ety gdal =1L 107°M KHePOs, 107°M HeO2, pH 622 #ohdt)

20 2

ot px of i 1
do
>

3.2 m=je] ol

supA e a4 @ FAA Fuix @ FAN ARG AR 47 AN v T AR
AgAs AsFe] olE whAlEu| A S ol &sle] BFEGT AUBAAAE MRT e AEEAE B
DA R A4 FYsA ALt AR lak 9] & e BREFFEA L] AR ARl
o 107'M Hp0p 893 24470 WHe-A1Z) Fo] a0 16)3% S d HH4AR 1o 22
&7 A7 Fo BUh 1)e FHE AelE wyvh JHAY s 82 FAM BHL

22 asEon Reds Asdo] gAY Wyl Hua AN A¥ woto] B
e RES AN PR ABHA $e A0E HYTh FARAAN D X B4R G2
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(a) (b) (c) (d)
AR 1. BEA AEY vl R A AR () FA e, (b) AAaG A=A, (o), (d) 107'M Ho0:
TRANA (a), (b)E ZHzt A3AZ ALE

MuHe s EUAss B 45 Andos e i
w A= Qi FALAAE

EWy wute] 9
Yo: 013]—?4/} _, 7-]] kyi 21 KN a;\q@_ n
oA %é(ﬂ*&%‘.ou -% Qlel W=7} Rwa)
A A= YATHALA 2). '

mﬁﬁum

- : . Ful s:ajesctur s.kev(Octs) -
- AR 2, At Sk g SEdA Ak
3.3 m%e Wiy SEMA}Z! @ EDS &#E

HAL Dol 1Y) Yt FuHYA Y 25 4T 70CTE FAsHHA
sgmzau} G5 FFATFA HHPGAA AEA Ao e 2= olE REFT Flot} 244
3 HES 3 g 50,° 4CoNA 189.8mg/IZ 320 wFSA|7] &Mol 143.69mg/Le} FA18HR
o4y, 70T E 312.3mg/loE Z7EHPYTHE 2). ol oA FAFE AHsiA0] FAMozRE

mlm

® 2. RPN 2Exd AFLERAY HE 89 3 F 2, PO, 5047 ¥=

13 ] O o PO43' 8042_ Total Fe PO43— SO42_
WY =(T) (mg/L) (mg/L) A2 =(0) pH (mg/L) (mg/L) (mg/L)
o 5 4 2.01 30.34 0 352.31
FA4 g
70 2.48 65.54 0 673.45
4 636.19 189.80 4 2.16 9.01 0.99 220.51
70 2.63 33.30 9.20 519.00
70 616.50 312.30 4 2.24 8.39 0.37 135.91
70 2.82 34.94 8.01 310.77
B2y S04 Hoidew AAED AR Jdo Aoz AP Fute] A AEE HAANAS FA
St gL AU PO EEE B3 FA¥ 4 lEH, 4TolA 636.19mg/L, 70T A
616.50mg/LE 254 u}E zol& HFaEHo] rnolx ?%9}‘4. wak 9o} o] X%k A I wukA g s1A|
ko HHME thA] 4TS 70TANM 10M Hy0, 83 2447 wHeAIZl 5 £25HE ZFe, PO,

and SO BEE Aol £ro] BE Hutel AL BAAIT, 4CAA B F I PO B
0.99, 0.37mg/L 70ColA 8.01, 9.20mg/L & ¥ 2}3

¥ 3 pH 2 HO0, B8 2gaxm woy BAY 2RE AL A FA Aoy ATHIA
$29%: 324 1g 3 PO, FE(mg/L) T TS 70TAA tha 23 o Ak o
PO Released PO, (mg/L)/g pyrite § 78 ASRHO.1M HO0r FEMFAA ojx 2
as coating pH HO» oz AAAA FHo] AL F Y= @ARG 24
( 279 | 1064 | 10°'M[10°M|10°M| & A9-E 7AAe Zolth webq Aj@FznaS 19
3492 11121 117 | 032 1029|027 | & w 2x W o o WAL drd 5
% 320 | 336 | 093 | 084|048 | qlo moz aldmc pH 247 4549 Ero] uf
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= wﬂu 7S 2% A48 Aas % 390 AAHY ok ¥ xR Axd wutsd A ¥
2] & ojade) PO, R RE ié%h} o7 AR Fte FAHsE POSTE
3 34 92mg/L°ﬂ‘E} A2 d -9 pH 2.799 10645 2A4E A7} 2447 vk
8] ‘%dfq 1% 1.118, 1.173mg/Lolith. H=H o
mg/L W9 Yottt o] WMERgF Falsld A mE g
o4 = 34%v ol FEE 2@d F A A A
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FEZAN 9 FWo] FA4E ¥ FAAY =Y HH 2AL B d3AnE EdE & A$-
107°M KHsPO,;, 107°M H:0,, pH 62% ZAANYTH HRZzAs A A48 dAsa mwte 4T 2
70CoNA AgA 9 v AZRE o, 2 £25E PO Y ARG Aol gt A 2

=
4z 21 AgAY wE wE gute YFALE HEed AH 747 34% R 1.0% Vel HA

@ sthol 858 A0 erih BF AFAN AHNEE BN @l gA BE Foll
B PYsud @ W 2 A7 ARt 2AEE B89 5 9 Aotk
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